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Foreword 


This account of the life of Dr. Hugh Latimer Dryden is especially appropriate now . The NASA Hugh 
L. Dryden Flight Research Center (DFRC) was named in his honor exactly 20 years ago. This year we 
also celebrate 50 years of flight research here. It is fitting that people associated with the Center, with 
NASA as a whole, and those outside of NASA who are interested in the history of aviation and space, 
be reminded of Hugh Dryden’s enormous contributions. 


Hugh Dryden was a research scientist of the highest order, an aeronautics pioneer, the Director of the 
National Advisory Committee for Aeronautics (NACA), and then the first NASA Deputy Administra- 
tor. Dr. Hugh Dryden’s special relationship to the Dryden Flight Research Center goes far beyond its 
name. Among Hugh Dryden’s first actions after becoming the NACA’s Director of Research in 
September 1947, was to inform Walt Williams, the director of the flight research operation here in 
the desert, that the NACA Muroc organization, formed the previous year, would now become a 
permanent facility known as the NACA Muroc Flight Test Unit. ^.T, ; 

Hugh Dryden strongly supported the fiigh 
aircraft. He represented the NACA on the interae| 
the beginnings of the critically important X-1J 
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Hugh Drvdcn's Career 


Introduction 

Hugh Latimer Dryden led a life rich in paradox. Born in obscu- 
rity, he attained international prominence. Indifferent to self- 
advancement, he nonetheless rose to the pinnacle of the aeronautics 
profession and subsequently assumed a pivotal role in the initial 
period of space exploration. Although a research scientist of the first 
order, he nurtured within himself a profoundly spiritual outlook. 

Early Years 

Hugh Dryden began his uncommon journey in remote and 
rural Worcester County, Maryland, at the southern tip of the state. 
His father, Samuel Isaac Dryden, renounced the farming tradition 
common to the Eastern Shore and taught school in Pocomoke City, 
one of the county’s few population centers. Inhabited by only 
1,000 people in the late 19th century, this working class town on 
the quiet Pocomoke River found itself isolated by crude roads and 
hard travel from the sophistication of Baltimore and Washington, 
D.C. Samuel Dryden married a local woman named Zenovia Hill 
Culver, and in an ambitious venture, turned from teaching to 
operating a general store at a country crossroads known as West 
Post Office. The young couple had three sons; the first was born on 
July 2, 1898, and named Hugh Latimer. Raymond followed soon 
after, and Leslie was born many years later. 1 

Like the rest of rural America at the turn of the century, the 
people of Worcester County lived in comparative isolation, but 
economic forces bound them to national and international financial 
events. Depressions often seized the country during the 19th 
century and another was suffered in 1901. Like earlier episodes, it 
spread extensive unrest and unemployment. In 1907, the nation 
experienced yet one more of these temblors when several of the 
large New York banks underwent runs on their assets because of 
their speculative excesses. To repay depositors, loans were called in 
throughout the country, credit contracted everywhere, and many 
businesses failed. 

Samuel Dryden suffered a hard fate in the Panic of 1907, one 
that transformed his family’s fortunes. The elder Dryden had to 
abandon his general store and decided to start afresh with his wife 
and sons in Baltimore. For him, this move symbolized the end of 
ambition; he found work as a streetcar conductor and remained one 
the rest of his life. 

For young Hugh Dryden, Baltimore opened opportunities that 
were unthinkable in Southern Maryland. Indeed, in the big city he 
showed extraordinary promise. He entered Baltimore City College 
(a high school, despite its name) and received his diploma at age 14, 
the youngest ever to graduate. Not merely the youngest, he ranked 
first in a class of 172 and won the Peabody Prize for excellence in 
mathematics. 

If not a prodigy, then certainly highly precocious, the quiet and 
diligent student continued to blossom. Despite slender family 
resources, he received admission (on scholarship) to Johns Hopkins, 
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the university founded by Baltimore’s famous 
Quaker merchant. Drydcn proved himself espe- 
cially gifted in physics and mathematics and began 
advanced study with Professor Joseph Ames, an 
important figure on campus. Ames not only 
headed the Physics Department but also eventually 
became President of Johns Hopkins. More impor- 
tant to DrydeiTs development, his professor would 
one day chair the National Advisory Committee 
for Aeronautics (NACA), an institution at the 
vanguard of aircraft research. In Dryden, Ames 
had discovered a star pupil, whom he called, “the 
brightest voting man [ I j ever had, without excep- 
tion.” He took his Bachelor’s degree with honors 
in three years and in 1918 completed a Masters 
thesis etitled “Airplanes: An Introduction to the 
Physical Principles Embodied in their Use.” Ames 
had introduced Dryden to a subject that would 
occupy the rest of his life. 2 

Certain of Ames’ encouragement and assis- 
tance, Dryden decided to work toward his doctor- 
ate. Two obstacles blocked the way: lack of money 
and the military draft. The United States entered 
World War I in April 1917, but only in the desper- 



ate Battle of the Marne the following year did American forces Hujjh Dryden at age 17 as he 

suffer heavy losses. Ultimately, about 50,000 U.S. soldiers died on appeared in the Johns Hopkins 

or over the fields of France. Dryden faced conscription but was yearbook ca. 1917. (NASA photo 

spared the dangers and disruptions because of age; the Selective 76-H-545 from a Johns Hopkins 

Service Act of 1917 exempted young men until their twenty-first University original) 

birthday. He would be safe until July 1919. 


Ames found a means by which Dryden could satisfy both his 


patriotic instincts and his need for cash. The professor had placed 
several of his students at the National Bureau of Standards (NBS) in 
suburban Maryland and in June 1918 found a summer job for 
Hugh as an inspector of munitions gauges. Dryden accepted grate- 
fully, expecting to return to school in the fall. While the position 
entailed a long train ride each day and a streetcar connection 
enroute from Baltimore to the Bureau, it also opened some fine 
opportunities. Within weeks, Ames persuaded Dryden to transfer to 
the Bureau’s new Aerodynamics Section, at the heart of which 
stood one of the nation’s first wind tunnels. More important, the 
Johns Hopkins professor now appeared regularly in Washington on 
NACA business and took the occasion to offer courses to his NBS 


students. Dryden could thus work a full schedule at NBS (for the 
salary of $100 a month ) and use the wind tunnel for after hours 
doctoral research under Ames’ watchful eye. 

Dryden wasted no time. In spring 1919, he received the Ph.D. 
degree in applied physics, at 20 the youngest person ever to earn a 
Johns Hopkins University doctorate. His dissertation, titled “Air 
Forces on Circular Cylinders” described the scale effects of air 


flowing around columns perpendicular to the wind and launched 
him in the rising field of aerodynamics.^ 
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Not content merely to receive his doctorate and obtain his first 


professional position before he could vote, Dryden experienced 
equally noteworthy events in 1920. In January of that year, he 
married Mary Libbic Travers, a young woman he had met some 
years before at Sunday School in the Appold Methodist Church, 
Baltimore. Outgoing and fun-loving, she provided counterpoint to 
her young husband’s reserved and laconic manner, perhaps some- 
what mitigating his ways over the years. At first, they lived in Balti- 
more, but when he awoke one evening in New Jersey after falling 
asleep on the homeward bound train, they decided to relocate their 
household to Washington, D.C. Finally, during the same year, he 
won promotion to Chief of the Aerodynamics Section and hence- 
forth directed the Bureau’s wind-tunnel research and operations. 4 

Drydcn’s scientific standing rested largely on the theoretical 
insights, the experiments, and the publications dating from his first 
six years in this position. Very early in his tenure, he selected the 
field of high-speed aerodynamics, concentrating on problems 
associated with flight at or near the speed of sound. Because almost 
no one had yet studied velocities in this range, the choice suggests 
the audacity of youth. Indeed, when he began his inquiries in 1920, 
the winner of the Schneider Cup Race — a competition among the 
fastest aircraft in the world, pressed to their limits — flew at a mere 
107 miles per hour. 

Nonetheless, working with his friend, mentor, and the future 
director of NBS Dr. Lyman Briggs, Dryden sought to unravel the 
Dryden at 30 ca. 1928. (NASA strange phenomenon known as compressibility. At the time, it 

photo 76-H-546 from a Johns denoted unexplained boundary-layer separation and buffet encoun- 

Hopkins University original) tered by propeller tips rotating at very high speeds. The problem 



arose as engines of increasing power drove the 
blades faster and faster. The Dryden- Briggs 
research was conducted at large compressor plants 
during the mid- 1920s because wind tunnels could 
not yet supply the needed velocity. This research 
resulted in some of the first experimental observa- 
tions of aerodynamic drag approaching the speed 
of sound, in very early insights regarding the 
effects of compressibility on lift and drag, and in 
invaluable data for propeller manufacturers de- 
signing high velocity airfoils. Dryden and Briggs' 
findings also stimulated additional transonic 
research and ultimately prompted the construc- 
tion of supersonic wind tunnels capable of testing 
theoretical design concepts applicable not only to 
aircraft but later to rockets and missiles. He and 
Briggs obtained the first U.S. wind-tunnel data 
showing lift and drag for airfoils above the speed 
of sound. Thus, the young physicist quickly 
established his reputation. 

Dryden attracted yet more notice with his 
breakthroughs in wind-tunnel design. In the late 
1920s, he and A.M. Kuethe, a Bureau colleague, 
discovered a dilemma: an airship model had been 
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tested at both the NBS w ind tunnel and the one at the Navy Yard in 
Washington, D.C. The drag data results were 100 percent at odds 
with each other. 

To quantify accuracy, Dryden and his associate employed a hot 
wire anemometer, rigged ingeniously to measure rapid air fluctua- 
tions. They discovered that even slight variations in turbulence 
inside wind tunnels could cause large experimental discrepancies. 
Using the special anemometer, Dryden redesigned existing facilities 
to help compensate for such differences and also suggested new 
methods of wind tunnel construction that would greatly reduce 
incidental turbulence. 

His research benefitted from these more nearly accurate and 
consistent instruments. These instruments allowed him to observe 
with great precision the crucial transition from laminar to turbulent 
flow within the boundary layer. The application of more exacting 
measurements, in turn, opened the way for wing and propeller 
designs that maximized laminar flow, thus reducing dragA More 
importantly, his findings verified experimentally the pivotal laminar 
flow concepts theorized in 1907 by the German Ludwig Prandtl, 
thus winning for Dryden wide acclaim among the world's aerody- 
n a m i c s prac t i tioners . 

Yet paradoxically, his daily routine at the NBS increasingly 
involved not onlv basic research but also a wide variety of engineer- 
ing projects. During the late 1920s, he investigated the effects of 
wind pressures on skyscrapers and chimneys. During the early 1930s 
he found himself leading a classic Depression -era inquiry on new 
materials and techniques for low -cost housing. The young physicist 
also became active in automotive streamlining and even researched 
w ater circulation in the plumbing of the Kmpire State Building. 

Despite the heavv load of solutions-oriented research, w hich 
diverted him from (but did not prevent ) the pursuit of fundamental 
studies in his chosen field, Dryden remained at NBS. In fact, he 
undertook these new’ assignments w ith the same firm purpose as 
ever. Perhaps the needs of a grow ing family suppressed any secret 
desires for more basic research. Hugh, Jr., was born in 1923 and 
Marv Ruth arrived two vears later. The economic hardships of the 
time may also have bred a degree of caution. More likely, though, 
Hugh DrvdeiTs personalitv and religious frame of reference an- 
chored him to NBS. Genuinely self effacing, his instincts revolted 
against careerism and self- promotion. Just as compelling, his private 
yet intense spirituality- — he had been a lay Methodist minister since 
his teens — rendered him all but deaf to the call of ambition. In any 
event, he worked steadily and diligently at the Bureau, impressing 
his colleagues as much with his modesty as his intellect. 

Dryden rose in rank almost in spite of himself. In 1934, he 
became Chief of the Mechanics and Sound Division, w hich included 
his ow n Aerodynamics Section. 6 Phis promotion seemed to inaugu- 
rate a cascade of recognition, both in America and abroad. First, he 
w as elected to the Philosophical Society of Washington and became 
a Fellow of the American Association for the Advancement of 
Science. Then in 1934, he travelled to Europe to present a paper at 
the Fourth International Congress of Applied Mechanics. Entitled 
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“Boundary Laver Flow Near Flat Plates,” it further enhanced 
Drydcn’s standing because of its significant contribution to describ- 
ing the mechanics of laminar flow. Two years later Aerodynamic 
Theory , a book of essays by the most eminent international authori- 
ties, rolled off the presses in Berlin and included a section by 
Drvden on aerodynamic cooling. Finally, to crown these remarkable 
years, in 1938 he was invited to deliver the Wilbur Wright Lecture 
sponsored by the Institute of the Aeronautical Sciences, the first 
American so honored. He presented a magisterial survey of the 
existing state of research in a lecture called “Turbulence and the 
Boundary Layer.” The Bureau responded to this extraordinary 
chain of professional successes by naming Drvden its Chief Physi- 
cist. 7 

World War II 

When Drvden celebrated his 40th birthday in July 1938, he 
unknow ingly neared another milestone. Like millions of others, his 
path would be refracted by w ar. FAcnts in FTirope and Asia por- 
tended another worldwide conflict and a sharp rise in military 
projects at the Bureau confirmed it. Until now; his career entailed 
the management of small numbers of technical people w ho used 
relatively simple equipment to arrive at narrowly defined objectives. 
He knew' every member of his staff, their work, and their capacities. 
Shortly, he found himself directing large numbers of people from a 
variety of institutions, commanding an impressive array of resources, 
and assuming responsibility for undertakings of the highest national 
importance. 8 

The venerable NACA opened these opportunities for Drvden 
and many others. In 1940 its newv chairman. Dr. Vanncvar Bush, 
directed NACA’s Executive Secretary John F. Victory to draft 
congressional legislation for a National Defense Research Commit- 
tee. The proposal would systematically enlist and employ civilian 
scientists in the war effort. When the idea bore fruit in the creation 
of the Office of Scientific Research and Development (OSRD), 

Bush left the NACA to head OSRD. Shortly after his arrival, a call 
was issued for scientists to discuss the feasibility of guided missiles. 
Because of his fame in aerodynamics, Dryden assumed a leading 
role. Meantime, the U.S. Navy’s Bureau of Ordnance reckoned the 
potential military value of such weapons and assembled a group of 
its own employees, as well as a cadre of professors from the Massa- 
chusetts Institute of Technology. The OSRD leaders asked Dryden 
to take charge of this group, known as the Bureau of Ordnance 
Experimental Unit. Headquartered at the NBS, the project also 
incorporated Drydcn’s own staff. 

For much of World War II, Dryden immersed himself in the 
immense task of conceiving, designing, testing, and finally procur- 
ing operational units for the Navy. The sense of wartime emergency 
added to the pressure. Dryden found relief from these demands — as 
well as delight — in the birth of his third child, Nancy, w ho arriv ed 
in 1940. 

The missile, called the Bat, consisted of an aircraft-launched 
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gravity bomb capable of self-correction in flight. As transmitters in 
its front end beamed radar waves to enemy vessels, a receiver (also 
embedded in the Bat) picked up the reflected pulses and sent 
appropriate signals to the missile’s control surfaces, steering it 
toward the target. Bomber crews could thus release the weapon 
from a considerable distance and fly away with the confidence that 
the weapon would reach the target on its own. To realize this great 
advance in naval warfare, Drvden divided his researchers in three 
categories: Navy personnel for munitions development and testing 
(on barges in Chesapeake Bay and on Liberty Ships in the Atlantic), 
the M.I.T. contingent for homing system experiments, and the NRS 
team for aerodynamics work. Despite formidable technical and 
administrative obstacles, Dryden and the Bat enjoyed a significant 
success. Indeed, although several automatic guided missiles were 
developed by the U.S. during the war, only the Bat proved effective 
under fire. It appeared first in the Pacific in April 1945 at the Battle 
of Okinawa. Aircraft of Fleet Wing One not only sank several 
Japanese ships with the new weapon but also employed it success- 
fully against land targets. 9 

Fresh from the experience of guided missile development, 
Dryden undertook a second wartime assignment. In the fall of 1944 
he received a call for assistance from long-time friend and colleague, 
Dr. Theodore von Karman, a man known as much for wit and 
charm as for brilliance. The world-renowned Hungarian physicist 
had been persuaded by Commanding General of the Army Air 
Forces Henry H. Arnold to lead a group of scientists to Europe to 
assess war-related breakthroughs in flight. Dr. von Karman reluc- 
tantly agreed and turned to his trusted confidant Hugh Dryden to 
be his partner. They faced great challenges. General Arnold ascribed 
the highest national importance to their mission, demanding not 
just a report on the existing state of aeronautical knowledge with 
Pearl Harbor in mind, he also wanted a forecast of long-range devel- 
opments necessary to prevent (or deter) future devastating air attacks 
on American cities. Beginning in December 1944, Dryden would 
devote the better part of a year assisting von Karman in this en- 
deavor. 

During several months of preparation in the Pentagon Dryden 
and von Karman assembled some of the nation’s most able figures 
in the various flight sciences. The team, known collectively as the 
Army Air Forces Scientific Group, departed in April 1945 to Eu- 
rope, with hopes of visiting the U.S.S.R. as well. In London, 

Dryden and von Karman donned uniforms bearing the simulated 
ranks of colonel and major general, respectively, and moved forward 
to Paris. They advanced to the German border and crossed it on 
learning of a highly secret aeronautics laboratory just unearthed at 
Braunschweig. This complex, brilliantly concealed in a setting of 
woods and farms, had been reduced to ruins by the invading U.S. 
troops. Dryden interviewed many of the remaining scientists about 
their projects and pored over technical data relating to swept-wing 
aerodynamics, high-speed human physiology, and other surprising 
research. He then parted from von Karman and traveled to 
Munich, where Dr. Wernher von Braun, General Walter 
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Dornberger, and some 400 
scientists of the Peenemunde 
rocket facility had been relo- 
cated. There Dryden conducted 
intense interrogations about the 
V- 1 cruise missile and the V-2 
ballistic missile. Meanwhile, von 
Karman flew to Moscow, and 
Dryden returned to Germany to 
finish the job. At one point, his 
quiet but determined style was 
put to the test. When he discov- 
ered an uncrated Swiss wind 
tunnel, he pressed to have it 
shipped immediately to Wright 
Field for investigation. Despite 
the crush of transatlantic air 


freight, he proved persuasive; 

Dryden, Dr. Ren Lockspeiser precious space was found on a B-17 bomber. After further explor- 

(Great Britain), Theodore von atory trips to the United Kingdom (U.K.), Switzerland, and France, 

Karman, and Dr. A.P. Rowe Dryden returned home. 

(Great Britain) in occupied The whole Scientific Advisory Group reunited in Washington, 

Germany, 9 May, 1945. (NASA D.C., that summer to draft Where We Stand , which recounted the 
photo 76-H-547 from a Johns existing state of air power technology. A second foreign tour then 

Hopkins University original) got underway, to F.urope again and to Asia. Once it was completed, 

General Arnold would receive his much anticipated long-range 
forecast. Rather than travel with the others, Hugh Dryden remained 
in Washington to act as general editor of the ensuing report, which 
was due to the general on December 15, 1945. During November 
and early December the task all but inundated him. In just a few 
weeks the 25 contributors produced 33 essays, all requiring 
Dryden’s dose scrutiny for unifying conceptual themes, technical 
accuracy, and substantive editing. As he finished, he cabled each 
article to von Karman, who had remained in Paris to write a long 
introductory essay titled “Science, the Key to Air Supremacy.” 

Along with the rest, Dryden also reviewed the text of his great 
friend and managed to write two sections himself on guided mis- 
siles. The resulting thirteen volumes — known together as Toward 
New Horizons — touched on every aspect of air power research, from 
aerodynamics to propulsion, from fuels to radar. It made a lasting 
impression on General Arnold and the U.S. Army Air Forces. 

Thanks in large part to Dryden’s exacting standards of scientific 
rigor, logical consistency, and written clarity 7 , the conclusions im- 
parted one clear and lasting thought to the Army Air Forces (and 
later to the U.S. Air Force): To deter attack, modern air power 
required the constant application of the latest and best scientific 
thinking. For his labors he received the National Medal of Freedom 
from President Truman. 10 


The NACA Years 


Dryden returned to the NBS upon completion of Toward New 
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Horizons , bur like so many 
scientists who engaged in war- 
related research and administra- 
tion, he had substantially out- 
grown his old responsibilities. 

Whether he sought it or not, the 
w ar had earned him a stature of 
consequence in aeronautics, and 
this new standing received 
almost immediate recognition. 

In January 1946, he became the 
Bureau's Assistant Director and 
six months later, its Associate 
Director. Yet soon and suddenly, 

Drydcn’s career attained full 
flow er. Since 1919, the formidable engineer George W. Lewis had High-speed wind tunnel at 

been the NACA’s Director of Aeronautical Research, its chief of Langley Memorial Aeronautical 

day-to-day operations. The organization multiplied during World Laboratory , Langley Field, VA. 

War II: from 500 employees in 1939 to 6,000 in 1945 and from (NASA photo LMAL 28410) 

one laboratory when he began to five research facilities shortly after 
the w ar. Lewis' health collapsed under the exertions associated w ith 
the NACA’s wartime responsibilities, and in 1947 his resignation 
became imminent. When the NACA Main Committee (its govern- 
ing board) met in Washington, D.C., to consider successors, they 
found a leading candidate close at hand. Lew' could match Dryden's 
record of sparkling scientific achiev ement and wide administrativ e 
experience. Hugh Dryden assumed the position in September, 
becoming perhaps the most influential civilian figure in American 
flight research. 1 1 

Drvden's new' importance rested in part on the very size and 
superiority of the NACA’s physical plant, w hich constituted a sort of 
legacy from Lewis to Dryden. The first field location had arisen on 
remote marsh land in Hampton, 

Virginia, and opened in 1920. 

By the 1930s, the Langley 
Memorial Aeronautical Labora- 
tory housed a full-scale wind 



tunnel and many other unique 
pieces of research equipment. 
Nonetheless, striking European 
aeronautical adv ances before 
World War II prompted Con- 
gress to allocate funds for the 
NACA’s expansion. Gradually, 
Langley doubled its capacity to 
undertake new projects. In the 
meantime, an immense labora- 



tory was planned for Moffett 

Field near San Francisco, California. Designed to augment the NACA 16-foot wind tunnel at 

aeronautical research of West Coast aircraft manufacturers, the Ames Aeronautical Laboratory , 


facilities built in 1939 and 1940, became known as the Ames Moffett Field , CA. (NASA photo) 


Aeronautical Laboratory (for Drvden’s mentor Joseph Ames). Its 12 
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Hugh Dry den, Director of 
NACA preparing to board a 
Lockheed Constellation cn route to 
give the 37th Wilbur Wright 
Lecture before the Royal Aero- 
nautical Society ; Egland, in 
April 1949 . (NASA photo 76- H- 
549 from a Johns Hopkins Uni- 
versity original) 


by 24 meter wind tunnel dwarfed the former world’s champion at 
Langley. In 1940, yet another impressive center, this one devoted to 
propulsion, received congressional approval. Upon the death of 
George Lew is in 1948, this facility erected in Cleveland, Ohio, 
assumed the name of the Lewis Flight Propulsion Laboratory. 
Finally, two test operations came into being. To explore flight 
characteristics in the transonic range, a former naval station over- 
looking Chesapeake Bay was pressed into service as the Pilotless 
Aircraft Research Station at Wallops Island, Virginia in 1945. To 
gather flight data on transonic and high-velocity experimental 
aircraft, the NACA opened the Mu roc Flight Test Unit in 1946 on 
the dry lakebed near the desert outpost of Mojave, California. After 
1954, this unit was renamed the NACA High Speed Flight Station. 

Yet the wind tunnels, runw ays, test stands, hangars, and fabrica- 
tion shops that comprised the NACA in 1947 accounted for only a 
part of Lew is’ legacy to Dryden. Perhaps to a 
greater degree, the NACA’s strength lay in its 
unusual staff. In the face of the Great Depression, 
many of the nation’s best young aeronautical 
engineering minds turned to the NACA for 
relatively secure employment. The work was not 
just steady, but interesting. Before World War II, 
the NACA concentrated on theoretical studies 
and basic aerodynamic research. Once the United 
States joined the conflict, it concentrated on drag 
“cleanup” for American aircraft. The contribu- 
tions before and during the w ar were immense. A 
family of pioneering airfoil shapes, cowlings for 
radial engines, and imaginative wind-tunnel types 
and designs only begin to express the achieve- 
ments. Pwen more than these advances, the body 
of knowledge contained in the NACA technical 
publications had become an international standard 
for aeronautics research. It also employed such 
genuine luminaries in the aerodynamics profession 
as Max Munk, Fred Weick, Fastman Jacobs, 
Richard Whitcomb, Robert T. Jones, and John 
Stack. 12 

Yet, the NACA directed by Hugh Dryden (after 1949 as 
Director rather than simply Director of Research) would differ from 
that of his predecessor. The new 2 research director did have extensive 
administrative experience but regarded himself principally as a 
scientist among scientists, one who pointed his staff and his agency 
toward new discoveries. Indeed, at the time of assuming his duties, 
he had already been editor of The Journal of the Institute of the 
Aeronautical Sciences for six years (a post he continued to fill until 
1956). In addition Dryden helped found and sat on the board of 
editors of The Qiiarterly of Applied Mechanics. As readers of these 
publications knew, Dryden had devoted his entire research career to 
high-speed flight. Now; he would lead the NACA in this direction. 
He took courage in this objective in October 1947 when he 
learned, just after arriving at the NACA, that Captain Charles FL 
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Yeager had flown a rocket-powered aircraft past the speed of sound. 
The event gave Dryden occasion to state clearly the NACA’s future 
course: 


During the first 25 years — until World War II — most 
of the NACA’s research was concentrated on aerody- 
namic problems... [and) the NACA produced a 
wealth of information that was used to good advan- 
tage by America’s aircraft industry. This was a course 
of action that paid handsome dividends, in directly 
useful information, on the taxpayers’ investment. 

The NACA’s effort in World War II was devoted 
largely to applied research, the business of finding 
‘quick fixes’ to improve the performance of existing 
airplanes and to make production engines more 
powerful. By the close of World War II, the end had 
come for development of the airplane as conceived 
by the Wright Brothers. Now, it was possible to 
build useful rocket engines, and with this develop- 
ment came the possibility of (light at velocities 
exceeding the speed of sound and to altitudes higher 
than the earth’s atmosphere. 13 


Dryden turned immediately to constructing the necessary 
infrastructure to achieve his goal. Wind tunnels capable of simulat- 
ing velocities up to ten times Mach 1 now became imperative and 
national figures, such as Air Force Secretary W. Stuart Symington, 
supported the idea (although more for reasons of Cold War superi- 
ority than scientific inquiry). Nonetheless, Congress voted for a 
National Unitary Wind Tunnel Plan shaped by Drydcn’s vision of 


aeronautical research, which 
allocated these immense and 
costly resources on a systematic 
basis and distributed them 
equitably among the NACA and 
the U.S. Air Force for super- 
sonic and hypersonic testing. 

This task completed, Dryden 
and his laboratories concerned 
themselves with flight vehicles. 

Before and during the 1950s, 
the NACA made invaluable 
aerodynamics contributions to 
the USAF high-velocity Century 
Series fighter aircraft. In 1954, 
he assumed the chairmanship of 
the new Air Force-Navy-NACA 
Research Airplane Committee. 

This group surveyed the data from such experimental programs as 
the X-l, X-2, X-3, X 4, X-5, YF-92A, D 558-1 and -2 and con- 
ceived of the hypersonic X-l 5 rocket plane. Dryden provided more 
than a guiding hand in the deliberations. Year after year, in a time of 
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pinched budgets, he achieved 
consistent congressional support 
for the X-15 during the early 
National Aeronautics and Space 
Administration (NASA) period 
(see below ). Eventually flying as 
fast as 4,520 miles per hour and 
as high as 67 miles above the 
planet, the X-15 program lent a 
solid technical basis to the early 
U.S. human space program, 
embodied in Project Mercury. 
(See below' for a discussion of 
the more purely aeronautical 
results of the X-15 flight re- 
search.) Finally, the NACA 

meeting at Lewis Labora- Director pressed for solutions to the problem of re-entry heating 
tory, October 1957. (NASA encountered by vehicles such as missiles, aircraft, and capsules, 

photo) penetrating the atmosphere from high altitudes. The NACA scien- 

tists found answ ers in the blunt body shape discovered by H. Julian 
Allen of the Ames Laboratory and in the principle of ablation 
resulting from the materials research of Robert Gilruth at Langley. 

Dryden’s earliest and clearest position on fully realized space 
flight occurred in 1955 after his election as Home Secretary of the 
National Academy of Sciences. In this capacity, he w as asked to 
review satellite programs proposed for the International Geophysical 
Year (IGY). Skeptical of expensive and unproven ventures, the 
NACA Director at first balked at the requested SI 00 million annual 
appropriation (which, after all, rivalled the entire yearly budget of 
the NACA). He relented once a set of clear scientific objectives had 
been formulated. Under his direction, the NACA assisted the IGY 
projects significantly. The Langley Laboratory formed a Satellite 
Vehicle Group to explore spacecraft structures, trajectories, and 
guidance; its Pilotless Aircraft Research Division initiated rocket 
studies. 

Thus, by the mid-1950s Dryden had accustomed the NACA to 
the idea that high-speed research and, ultimately, space endeavors 
loomed large and would assume even greater importance in time. 

Of course, in 1957 Dryden still focused his organization’s 8,000 
employees mainly on atmospheric flight. Although he had shifted an 
increasing part of his staff and resources to space-related projects, 
until a firm national commitment to space exploration emerged, 
Dryden and the NACA — whose final A, after all, stood for aeronau- 
tics — could only accomplish limited objectives in research and flight 
outside the atmosphere. Once the President and Congress gave 
their assent, however, Hugh Dryden could summon within his 
organization a cadre of experienced scientists and engineers able to 
assume pivotal roles in the new endeavor. 14 

The Transition from the NACA to NASA 

Of course, the spur to space came not from within the U.S. but 
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from outside it. The launch of the Soviet Sputnik 
I satellite on October 4, 1957, released almost 
palpable shock waves across the country. At once, 

Sputnik represented not only the capacity of a 
hostile power to fly without challenge over Ameri- 
can territory; it also destroyed the complacent 
belief that U.S. technology surpassed all others. 

Amplified by sensational reports in the press, the 
distant signals from the little sphere in orbit rang 
like trumpets in the ears of the President, mem- 
bers of Congress, and military leaders. 

Dryden, his headquarters staff, and the NACA 
laboratories did not share the nation’s panic. They 
knew the Soviets had the capacity to launch a 
satellite, an objective declared publicly by the 
Russians earlier in 1957. This flight would be 
their contribution to IGY; the U.S. promised a 
similar feat with Project Vanguard. Dryden also 
realized the NACA’s ten years of achievement in 
high- speed flight left the institution better pre- 
pared than any other to participate in whatever 
space policy might emerge after Sputnik. 

Yet, in a case of high irony, despite his long 
and vigorous pursuit of preliminary space re- 
search, Dryden himself fell victim to the Sputnik 
hysteria. He became identified in the newspapers and in Congress 
with the scientific establishment, which somehow had allowed 
Sputnik to happen. Dryden, however, did little to cast off the false 
characterization. His plain, unassuming style and disdain for self- 
commcndation attracted few allies in a time of loud accusations and 
expansive promises. Indeed, the political climate suggested a new set 
of personalities, unattached to the perceived shortcomings of past 
years, for leadership in space. Thus, during the 12 months of delib- 
erations about an institutional response to Sputnik, Hugh Dryden 
was consulted and considered for a role of leadership; w as not only 
heard, but heeded. Yet, his ultimate role turned out to be smaller 
than expected. ^ 

The National Aeronautics and Space Act (which became law in 
July 1958) and its offspring — the National Aeronautics and Space 
Administration — owed much to Drydcn’s efforts. Many govern- 
ment entities vied for control of the space mission: the Air Force, 
the Army, the Department of Defense’s Advanced Research Projects 
Agency (ARPA), the Atomic Energy Commission, and the NACA 
itself. To choose among the candidates, President Eisenhower 
directed his Science Advisory Committee to review the various 
administrative options and make recommendations. On it sat two 
NACA figures of recognized competence and reputation: Hugh 
Dryden and the new chairman of the Main Committee, General 
Jimmy Doolittle. Together, they successfully lobbied the President’s 
science advisors for a civilian space agency based on the NACA as its 
organizational core. They also testified before Congress, outlining 
the new agency’s budget and span of operations, then stamping 



Dryden ( seated , second from left) 
with the House Select Committee 
on Astronautics and Space 
Exploration in April 1958, at 
hearings concerning the creation 
of NASA. (NASA photo 76- H- 
550 from a Johns Hopkins Uni- 
versity original) 
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both with the NACA imprimatur. 

As these consultations proceeded, Dryden prepared his staff and 
laboratories for their vastly expanded field of action, which they had 
already begun to explore. He formed a Special Committee on Space 
Technology chaired by an associate from Toward New Horizons 
days, Professor H. Guyford Stevcr of M.I.T. Members included 
such notables as James A. Van Allen, Wernher von Braun, H. Julian 
Allen, and William Pickering. Dryden also took administrative steps 
in anticipation of passage of the July law. Guessing what lay ahead, 
he asked Robert Gilruth and a Langley team to plan for human 
spaceflight. He also persuaded Abe Silverstein, the Assistant Direc- 
tor of the Lewis Laboratory, to transfer to Washington and assume 
the task of structurally transforming the NAG A into NASA. 

In the end, Dryden would oversee neither Gilruth’s nor 
Silverstein’s labors. This job would be assumed by T. Keith 
Glcnnan, President of the Case Institute of Technology and Presi- 
dent Eisenhower’s nominee to be NASA’s first Administrator. 
Glennan agreed to come to Washington only on the condition that 
Hugh Dryden serve as his deputy. After 40 full years of government 
service, Dryden concealed his disappointment and continued to 
serve the public. 16 


Early NASA Years 

Now 60 years of age, Dryden still had much to offer, and 
Glennan sorely needed his help. More than anyone, Dryden knew 
every corner of the former NACA, from its personalities to its 
technical capacity, from its budgetary practices to its institutional 
peculiarities. More vital still, he possessed as complete a knowledge 
of early space endeavors as anyone in America. Indeed, he had been 
responsible for or associated with almost all such efforts. Dryden 
had also developed through the years a finely tuned instinct for wise 
bureaucratic choices, honed in hours before congressional commit- 
tees and sharpened in countless White House meetings. Finally, and 
perhaps most important of all, Hugh Dryden was known univer- 
sally. Because of his prominence in such societies as the Interna- 
tional Union of Theoretical and Applied Mechanics, of which he 
had been both president and vice-president, and his distinguished 
scientific research, he had perhaps as many contacts overseas as at 
home. In the United States, he knew just about every major, and 
many minor, figures in the field, including aircraft manufacturers, 
airline executives, airframe designers, test pilots, university scientists, 
and military officers. 17 So Keith Glennan, a distinguished highly 
capable engineer and administrator in his own right, began his 
tenure at NASA with perhaps his best decision: his choice of deputy. 

The titular transformation of the NACA to NASA occurred on 
October 1, 19S8. The actual realignments stretched on for two 
years and fell mostly to Dryden. Forming a single, cohesive entity 
from many constituent parts called forth some of the deputy 
administrator’s best qualities: calmness under pressure, intensity in 
powers of analysis, and clarity of mind that remained fixed on the 
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critical objectives despite any distractions of the moment. The 
Army held two of the most important pieces of the emerging 
mosaic. Together, these facilities had answered Sputnik 1 in January 
1958 with America’s first Karth satellite, Explorer 1. Despite Army 
objections, the Jet Propulsion Laboratory (JPL) left military cogni- 
zance on the last day of 1958. At the same time, an Executive Order 
assigned to NASA the Army contract with the California Institute of 
Technology, which provided for JPL staffing and operations. Army 
brass resisted more strenuously the loss of a part of its Ballistic 
Missile Agency in Huntsville, Alabama — the Development Opera- 
tions Division, under the direction of Wernher von Braun, employ- 
ing some 4,000 scientists and engineers. Nonetheless, after much 
bureaucratic scuffling, in March 1960 it too was transferred to 
NASA. With it came the prize of prizes: the gigantic Saturn booster 
project. Dryden also negotiated with the Defense Department a 
series of understandings on launch support and astronaut training. 

In addition he arranged for the gradual assumption by NASA of 
such crucial programs as the Air Force’s F- 1 rocket engine. The 
Navy’s Project Vanguard and ARPA’s space science projects also 
found homes at NASA. Finally, Dryden exercised a nurturing hand 
in establishing at Cireenbelt, Maryland, the Robert H. Goddard 
Space Flight Center to launch and track unpiloted space vehicles 
and to develop space science experiments. ltS 

Having locked NASA’s structural components in place, Dryden 
spent the next years in somewhat contradictory pursuits: on the one 
hand advising and guiding those who planned the human missions 
that ultimately overtook the Soviet lead in space and, on the other, 
negotiating patiently and effectively with Soviet representatives for 
cooperation in space. His extensive international experience with 
professional societies prepared him well for diplomatic service. He 
first acted as Alternate Representative for Ambassador Henry Cabot 
Lodge to the United Nations Ad Hoc Committee on the Peaceful 
Uses of Outer Space. “I served,” he later recalled, “on the technical 
subcommittee, and had the opportunity to prepare w ith some of my 
colleagues a report on the technical aspects of space technology.” In 
fact, his activities resulted in a NASA invitation to other countries to 
undertake joint space research projects of mutual interest. Dryden 
then became chief negotiator during direct talks with the U.S.S.R. 
With his counterpart, Academician Anatoly A. Blagonravov, he 
signed limited, but nevertheless unprecedented, agreements on 
meteorology, communications, and magnetic field data. Dryden 
insisted on, and achieved, exchanges w hich provided clear mutual 
benefits. He likewise pressed for understandings with the U.K., 
Canada, Italy, and other nations to share information derived from 
space. “I am persuaded,” he said, “that there are very great values to 
the United States in this cooperation.” 19 

At the same time, Dryden laid the foundation for American 
leadership in space. All through the early months of Glennan’s term, 
the headquarters staff undertook the burdensome task of long-range 
planning. The resulting Fen Year Plan — in wiiich Dryden played an 
indispensable part— proposed expenditures of one to two billion 
annually and an average of two launches per month. Luckily, a 


14 



Hugh Dryden's C Career 


reversal of fortune oceurred in the sky; lending credence to the 
expansive projections. During 1959, seven of seventeen U.S. 
launches tailed, but then, the program righted itself Explorer 6 
went into orbit and functioned perfectly. Pioneer 5 embarked 
toward Venus and ultimately relayed planetary data from as tar as 22 
million miles aw ay. Tiros 1 captured thousands of photographs of 
the Earth's weather. In addition, in August 1960, Echo 1 unfolded 
in orbit to become the world’s first passive communications satellite. 
The greatest challenge still awaited: To launch humans, not just 
machines, into space. Dryden follow ed the unveiling of the Ten 
Year Plan with an announcement to the NASA Industry Plans 
Conference that Project Mercury, the first U.S. program for launch- 
ing humans into space, would be followed by a more ambitious one 
named Project Apollo. 

Continued Service in NASA 

But would Hugh Dryden participate in these activities, or retire 
at last? Toward the end of 1960, his period of office -holding ap- 
peared to be draw ing to a close. John E. Kennedy narrowly defeated 
Richard M. Nixon for the presidency in November and all the 
executive appointees, including Keith Glennan, submitted their 
resignations. The deputy administrator also handed in his letter, but 
since the Kennedy transition office never acknow ledged it, he stayed 
on in a caretaker capacity until the new administration selected its 
nominee. 20 Unfortunately, during the period of transition NASA 
came under sudden attack.The President-elect’s Ad Hoc Space 
Panel, led by Dr. Jerome Wiesner, the White House Science Advi- 
sor-designate, issued a report sharply critical of the U.S. aeronautics, 
space, and missile programs. Naturally, the committee’s recommen- 
dations w ere not free of political coloration; w hile he headed the Ad 
Hoc Panel, Wiesner also chaired the Democratic Party’s Science 
Committee. Moreover during the year before the election, the 
Democratic candidate warned repeatedly of unfavorable space and 
missile “gaps” between American and Russian capabilities. Once 
elected, the w inning party felt obliged to pinpoint the causes of the 
alleged inadequacies. These charges w ere published in the pages of 
the Nor York Times , which reprinted the Wiesner Report. It cited: 

1 . “A number of organizational and management 
deficiencies as well as problems of staffing and 
direction.” 

2. Duplication between NASA and the military 
space programs arising especially from rocket and 
ballistic missile research. 

3. Flaws in the technical aspects of Project Mercury. 

4. Neglect of aerodynamics research. 

5. The exclusion of university and industrial scien- 
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tists from NASA activi- 
ties. 

6. A preoccupation with 
in-house research at the 
expense of private sector 
cooperation. 


7. Lack of vision in the 
selection of science 
missions and errors in the 
selection of scientists to 
achieve them. 

Undoubtedly, these accusa- 
tions stung Drydcn. As NACA 
Director and NASA Deputy 
Administrator over the past 
thirteen vears, he had been 
perhaps more responsible than 

anyone for the policies criticized by Wicsncr. He had worked 
tirelessly, often brilliantly — and always unobtrusively — to move 
aeronautics toward the margins of space. Although politics may 
have motivated some of the complaints, most of them accurately 
reflected an institution in the process of metamorphosis, from a 
laboratory operation to one based on contracts administration. On 
the other hand, some of the report’s charges, especially those 
relating to civilian versus military roles and the long-term objectives 
in space, required decisions at the highest levels of government. 
Indeed, they awaited action by President Kennedy himself. 

Be this as it may, in one area — DrydeiTs own specialty, aeronau- 
tics — the criticism in the Wiesner report was clearly inaccurate. 
Although in the wake of Sputnik the former aeronautical laborato- 
ries and facilities of the NACA had shifted much of their emphasis 



J it m es E. Webb \ AVI SA A d m i n Is- 
tratov, and Hugh L. Drydcn , 
Deputy Administrator , appear 
before the Honorable Overton 
Brooks y Cha irman of the House 
Committee on Science and 
Astronautics on March 13, 1961. 
( NA SA photo 61- Ad m in . - 9) 


from pure aeronautics to the problems of space travel, they had by 
no means neglected aerodynamics research. 

At Langley, for example, in the early 1950s, aerodynamicists had 
studied the variable-sweep wing as a way to improve the operating 
efficiency of a military aircraft. The NACA High Speed Flight 
Station had flight tested the concept on the X-5 from 1952 to 
1955. The NACA researchers had subsequently identified a solution 
to changes in stability as the w ings rotated through various angles 
of sweep. Wind-tunnel tests at Langley led the Department of 
Defense in 1961 to approve production of the first U.S. variable- 
sweep fighter, the F-l 1 1. Many subsequent military aircraft incor- 
porated the concept. 21 This important aerodynamic discovery was 
continuing during the very years of transition from the NACA to 
NASA that the Wiesner Report purported to examine. 

To give but one of many other examples of continued 
pathbreaking research in aerodynamics, as already noted the X-15 
flight research was also beginning during Glennan’s administration 
of NASA. The implications of that program for space were highly 
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significant, but flight research had only begun in 1959. Thus its 
significance for both aeronautics and space could not be fully 
appreciated in early 1961 when the Wiesner Report appeared. 
Nevertheless, the X-15 airplane had been on the drawing board 
since 1954. By the end of 1960, the aircraft had already completed 
31 flights at the NASA Flight Research Center in the Mojave 
Desert. Those knowledgeable about the program could already 
anticipate the enormous fund of data the aircraft would provide in 
such areas as hypersonic air flow, aerodynamic heating, control and 
stability of flight at hypersonic speeds (above Mach 5), reaction 
controls for flight above the atmosphere, transition from aerody- 
namic to reaction controls, piloting techniques for reentry, human 
factors, and flight instrumentation. These data significantly modi- 
fied existing aerodynamic theory, especially in the areas of heat flow 
and wind-tunnel testing, and the X-15 aircraft went on to become 
one of the most successful flight research programs in the long 
history of the NACA and NASA. 22 

Although they failed to recognize such contributions, the 
Wiesner recommendations alerted NASA to the Kennedy 
administration’s intentions. Despite the implications about his 
performance, Dryden remained publicly unaffected by the tempest, 
and the press left him unscathed. In the midst of the crisis, he 
managed to preserve a sense of calm and continuity at the agency. 
Dryden knew the criticism could only be answered by the new 
administrator; therefore, calling on reserves of patience and endur- 
ance, he concentrated on the tasks at hand and outlasted this painful 
episode. 

His response reflected his view of life. In one of the many 
sermons he delivered from the Methodist pulpit, Dryden remarked 
that “one major mark of rank in the organic world is the capacity to 
suffer. The aim of life, therefore, is not to abolish suffering, for that 
would abolish sensitivity, but to eliminate its cruel, barbarous, and 
useless forms. To willingly accept toil, trouble, and suffering, these 
are goals for scientists as well as for other men.” 25 

Worse suffering lay ahead. Later in the year a routine medical 
examination revealed a malignancy in his chest. After surgery and 
additional treatments, he returned not to reduced activity, but to 
the busiest schedule of his life. During the years remaining to him, 
the visits to the hospital recurred every few months, and the medi- 
cations became more severe; yet the frantic pace of speeches, ban- 
quets, meetings, and professional conferences never slackened. 
Typically 7 , he spoke of his affliction to no one. 

In spite of the criticism and doubts raised by the Wiesner 
Report, the Deputy Administrator had long worked out for himself 
a clear and unchanging mental schematic of the nature of American 
space exploration. He divided it into three categories: 

The first includes those missions intended primarily to 
produce scientific data with respect to the space envi- 
ronment, the sun, earth, and planets and the galaxy, 
using telemetry of information from unmanned ve- 
hicles. The second is composed of earth satellite mis- 
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sions for application to meteorological research and 
weather forecasting, long distance wide-band communi- 
cations, navigation, and similar tasks. The third relates 
to the travel of man himself in space, at first in a satellite 
orbit, later to the moon, and later to the planets and 
outer reaches of the solar system. 

Hugh Drvdcn devoted most of his waking hours to the achieve- 
ment of the third segment of the ITS. space mission. He did so in 
tandem with President Kennedy's appointee as NASA Administra- 
tor, former Bureau of the Budget Director James K. Webb. Like 
Glennan, Webb agreed to the position only on condition of 
DrvdeiTs continued service. So long in harness, Dryden acceded to 
the request. 

Within three months of the Kennedy inaugural in January 1961, 
American human spaceflight received two powerful boosts — one 
from the successful orbital flight of Cosmonaut Yuri Gagarin, and 
another from the botched invasion of Cuba. The young President 
searched for ways to strengthen the image of his weakened adminis- 
tration and found his answer in space. The NASA Ten Year Plan had 
projected a lunar circumnavigation by astronauts. To defeat the 
Soviets at their game, especially after Gagarin’s triumph, the U.S. 
required an even more daring enterprise. Landing astronauts on the 
Moon and returning them to Karth would assure an equal footing 
with the Russians. Both sides would have to start from the begin- 
ning, building all new spacecraft and boosters. On May 25, 1961, 
the President announced to a joint session of Congress his commit- 
ment to sending Americans to the lunar surface and back to Earth 
before the end of the decade. 

Dryden threw himself into the intricacies of human space flight 
with even greater enthusiasm than before. The conception and 
planning of Project Mercury bore his imprint from the very incep- 
tion. Projects Gemini and Apollo also owed an immense debt to his 
heavy labors and quiet service. He found it possible to make such 
contributions because he and James Webb had established clearly 
defined spheres of operation. The administrator accepted as his 
highest priority to lobby and win the support of Washington's 
political elite for the space program as well as to convince the voting 
public of its value. The two men shared responsibility for the broad 
policy direction of the agency but to Dryden fell the hardest deci- 
sions involving technical and fiscal choices: which systems and sub- 
systems to fund or to eliminate, to accept as presented or to modify; 
w hich scientific experiments to pursue; how to structure programs 
for maximum utility'; how to obtain the cooperation of universities, 
corporations, and foreign powers; how to prepare and present 
budgets to congressional committees. 

Dryden acted in this indispensable capacity not by attempting to 
superimpose his view points on the NASA Headquarters and Center 
staffs. Instead, he served as Webb’s savant, capable, as one historian 
has observed, of: 

solving the problems of Gordian knots without... 


18 



Hugh Drydcn's Career 



violently cutting through them. He did not 
cut through them, but neither did he neatly 
untie them. Instead, it was he w ho showed 
others ho\\ r the untying w as done — and 
w ithout their ever being aw are that they 
were under instruction. Dryden had a great 
talent for show ing other brilliant men how 
to become even more brilliant, w ithout their 
ever realizing how great had been his assis- 
tance. More often than not, Drvden’s 
wisdom and judgment... were felt without 
ever being seen. 26 

While Dryden recognized the perils of defeat in 
the (fold War, he new er regarded Projects Mer- 
cury, Gemini, and Apollo, the many unpiloted 
scientific probes, or the satellites launched during 
his tenure merely as demonstrations of American 
superiority. Rather, as he told Senator Robert S. 
Kerr ( D, Oklahoma ); Chairman of the Committee 
on Aeronautical and Space Sciences; 
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The setting of the difficult goal of landing a man on 
the moon and return to earth has the highly impor- 
tant role of accelerating the development of space 
science and technology, motivating the scientists and 
engineers who are engaged in this effort to move 
forward with urgency, and integrating their efforts in 
a way that cannot be accomplished by a discon- 
nected series of research inv estigations in the several 
fields. It is important to realize, however, that the 
real values and purposes are not in the mere accom- 
plishment of man setting foot on the moon, but 
rather in the great cooperative national effort in the 
dev elopment of science and technology w hich is 
stimulated by this goal.. ..The national enterprise 
involv ed in the goal of manned lunar landing and 
return within the decade is an activity of critical 
impact on the future of this nation as an industrial 
and military power, and as a leader of the free 
world. 27 


Final Years 


By 1965, the illness to which Dryden had given no quarter 
finally began to drain his capacity for resistance. He summoned his 
energy and flew to Hawaii to address a governors’ conference, then 
stopped in Seattle to appear as keynote speaker at a meeting of the 
National Academy of Sciences. Upon returning to his desk in 
Washington, he resumed the customarily heavy schedule, then 
traveled again, once to New York and once to Chicago. On Novem- 
ber 16, he entered the hospital for the usual periodic treatments. 


19 


Hugh Drydcn’s Career 


expecting to be released fairly soon, but his condition worsened, 
and he remained through Thanksgiving. Hugh L. Drydcn died on 
the evening of Thursday, December 2, 1965. Despite the obvious 
physical decline, his degree of activity had long belied the true state 
of his health, and friends and colleagues expressed shock at his 
passing. President Lyndon Johnson, a great admirer of Drydcn, 
whom he had known over a decade-long collaboration, told the 
nation that “no soldier ever performed his duty with more bravery 
and no statesman ever charted new courses with more dedication 
than Hugh Drvden. Whenever the first American space man sets 
foot on the moon or finds a new trail to a new star, he will know 
that Hugh Drydcn was one of those w ho gave him know ledge and 
illumination.” 28 

Drydcn received many other accolades and awards during his 
lifetime and after his death, but perhaps his greatest and most 
appropriate honor came on March 26, 1976, when NASA renamed 
the NASA Flight Research Center as the NASA Hugh L. Drydcn 
Flight Research Center. At the dedication ceremonies, then-NASA 
Administrator James C. Fletcher stated: 

in 1924, when the fastest racing planes did well to fly at 
280 m.p.h, Drvden was already probing the transonic 
range of. . . flight. Later in the 1920s, he sought to 
develop methods of accurately measuring . . . turbu- 
lence in wind tunnels. In 1938, he was the first Ameri- 
can to deliver the Wright Brothers Lecture at the 
Institute of Aeronautical Sciences. His “Turbulence and 
the Boundary Layer” became a classic summary of 
man's knowledge of the subject to date. It is most 
fitting that this Flight Research Center, with its unique 
and highly specialized capability for solving aerospace 
problems, should memorialize the genius of Hugh 
Drydcn. 29 
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fHE NATION’S MANNED SPACE FLIGHTS 



s 1 V 



by 

Hugh L. Dryden 
IK* pu t y Administrate r 

Nn t ion a 1 Aeronautics and Space Administration 

(Address given before the Governor's Conference 
on Oceanography and Astronautics, held at the 
Kauai Surf Hotel, Li hue, Kauai, Hawaii, 

October 1, 1965) 

It has been an honor and a pleasure to accept the invitation of 
the Honorable John A Burns, Governor of Hawaii, and the o ther officials 
uf the State of Hawaii associated with him, to speak to the Governor's 
Conference on Oceanography and Astronaut i cs . In reading the proceedings 
of the conference held in January of last year, 1 notice that the main 
locus of attention was the role of science and technology in Lhe iuture 
of our nation, the nature of scientific and technological development, 
and the role ol the State of Hawaii in contributing its pari to the 
ad vane omen t of science and technology and their application to the 
prob Lems of the modern world for the benefit of mankind. My talk deals 
with the newest oi ; the frontiers of man, inaugurated on October 4, 195/, 

when nan first left the surface of the earth L o Leave 1 beyond the atmo- 
sphere in nearby space. I believe that Hawaii must participate in this 
enterprise for many reasons. 

1 recalL a conversation during try visiL to West Germany a few years 
ago for the purpose of exploring possible cooperation between the 
scientists and engineers of West Germany with the United states in the 
exploration of space, in accordance with one of the stated objectives 
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of the National Aeronautics and Space Act of 1958, to conduct our activi- 
ties in cooperation with other nations. My colleagues stated forcefully 
that Germany must find a way Lo participate in this enterprise if it ever 
hoped to become again a great leader in science and technology, for the 
exp Loral ion of space demands the most advanced developments in practically 
every field of science and technology to new levels of performance in 
every respect. An editorial in the New York Times of September 15, 
following a reference to some remarks by Mayor Willy Brandt of Berlin, 
seated that "businessmen and officials in many NATO countries share his 
(Brandt's) belief that the technological 'spin-off' from nuclear, missile 
and space research is giving American civilian industry a towering lead 
over its European competitors* It is certainly an exaggeration to say, 
as Mr. Brandt did, that West Germany will drop by 1975 to the status of 
a 1 less -developed 1 nation unless it shares in American space-age know-how." 

I do not believe that every country of the world must necessarily 
engage in the launching of satellites and space probes, although by 
means of bilateral, regional, and global agreement many nations can 
participate even in such activities. X believe that many nations can 
contribute through the use of sounding rockets and perhaps small earth 
satellites, and that opportunities can be made available for the scien- 
tists of the world to participate in both ground-based experiments 
essential to the space program and in the f Light experiments. 

Hawaii, of course, is one of our own fifty states and has already 
begun to make substantial contributions t:o our national program- I refer 


particularly to the Kokee Tracking Station in Kokee Park, which is one 
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of the worldwide chain of stations for our manned space flight programs, 
and to our association with the University of Hawaii, looking to the 
expansion of astronomical facilities, particularly for more intensive 
observation of the planets on which we hope to land scientific instru- 
ments within the next few years, and to which, in the more distant future 
we hope to send man himself. You are all familiar with the natural 
resources of Hawaii which make it most suitable for this purpose. X 
note also your association with the Communications Satellite Corporation, 
leading to an important role of Hawaii in the global communications via 
sate 1 1 i te - 

But I believe that the interest of the citizens of Hawaii in space 
exploration and its importance to them lies not solely in the economic 
benefits that it may bring or in the material tools which it may con- 
tribute to our physical environment. Man is distinguished from other 
forms of life by his powers of reasoning and by his spiritual aspirations 
Already the events of the last seven years have had a profound impact on 
all human affairs throughout the world. Repercussions have been felt in 
science, industry, education, government, law, ethics, and religion. No 
area of human activity or thought has escaped. The toys of our children, 
the ambitions of our young men and women, the fortunes of industrialists, 
the daily tasks of diplomats, the careers of military officers, the 
pronouncements of high church officials -- all have reflected the all- 
pervading influence, of the beginning steps in space exploration. The 
impact can only be compared with those great developments of past history 
like the Coperniean theory which placed the sun, rather than the earth, 
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at: the center of our solar system: the work of Sir Isaac Newton in 


relating the fall of an apple to the motion of the moon around the earth 
through the universal, law of gravitation; to the industrial revolution; 
or other great landmarks in the history of mankind. 

The origin of science can be traced far hack in the distant past. 
Aristotle is quoted as saying that true science is the search of nature 
in the spirit of true scientific curiosity. For hundreds of years, 
science was mainly a purely intellectual activity, involving little of 
what we now call experimental science. Much has been written about those 
objectives of science which relate to gaining an understanding of the 
entire universe in which we live, of the excitement of studying the 
unknown, and of the contribution of science to man's intellectual and 
spiritual life. 1 wish to turn, however, to another aspect of scientific 
and technological development, which I may describe as the interaction 
of science, technology, and social need. 

There is a mistaken impression in some circles today that scientific 
and technological development always proceeds by an orderly process in 
which, first, there is a basic concept oi _ theory, followed by experi- 
mental verification, leading to further theoretical and exper imen tal 
investigations and applied research, followed finally by application to 
some social need. Actually, of course, the situation is not so simple: 
the situation is a dynamic one with continual interactions between theory, 
experiment, application, and social need. In my reading oi the his Lory 
of scientific development, I have been impressed time and rime again by 
the almost dominant role of the specific social environment in which the 
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scientist and engineer work, which in most instances seems to bo a pre- 
requisite for the intensive development of the scientific concept itself 
as well as the. ensuing technology. One or two examples will illustrate. 

Most of the work for which Pasteur is famous originated in the social 
needs of the community in which he worked. Beginning in 1854 he addressed 
himself to the reason for unsatisfactory results obtained in the fermenta- 
tion of beer, and in 1857 showed that the troubles arose from small 
organisms which interfered with the growth oi yeast cells responsible for 
fermentation. Later he turned his attention to similar problems in the 
production of good wine. Later, under great social pressure, he studied 
the small organisms responsible for certain diseases oi the silkworm, of 
cattle, of chickens, and of dogs and man. Thus social needs provided the 
incentive for and the support of Pasteur's scientific work in solving the 
"problems of the infinite Ly small." 

Another classic story begins with the work of James Maxwell starting 
about 1850. In 1865 and 18/3 he described the propagation of electro- 
magnetic waves and suggested that light was a phenomenon produced by the 
travel of electromagnetic waves in the ether. I believe the first experi- 
mental demonstration of electric waves was by Hertz in 1883, who invented 
an osciLlatOr to produce such waves. There was some limited further 
theoretical and experimental development by scientists such as Lodge and 
Righi in the last, two decades of the nineteenth century. Marconi began 
a study of the application of electric waves to signaling in 1895 and 
succeeded in sending signals across the Atlantic in 1901. I think it is 


now obvious to everyone that Lhis application by Marconi to a practical 
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social need marked the beginning of greatly increased support for theo- 
retical and experimental research in this He’d, that it marked the 
foundation of very 1 a r:ge industrial developments, and that there has been 
a very great social impact. 

These cases are of course the traditional ones that everyone quotes. 
There are many others, such as the development of probability theory and 
modern statistics from the "social need" of the members of high society 
in France interested in gambling. 

1 believe that in our world today social needs have become much 
more complex and go far beyond the material aspects of our life. A short 
time ago, at the bicentennial celebration of the Smithsonian Institution 
in Washington, the humanist Lewis Mumford attacked the notion that man is 
a creature whose use of tools played the largest formative part in his 
development. Said Mumford, "By what logic do we now take these tools 
away, so that he will become a f unci, i on less . workless being, conditioned 
to accept only what the Megamachine offers him: an automation within a 

larger system of automation, condemned to compulsory consumption, as he 
was once condemned to compulsory production. Instead of liberation from 
work being the chief contribution of mechanization and automation, 1 
suggest that liberation for work, for educative mind-forming work, self- 
rewarding even on the lowest physiological level, may become the most 
salutary contribution of a life-centered technology." 

T believe that activities in the exploration of space represent a 
"social need" in this broader sense. That it is a modern social need is 


recognizable from the passage of the National Aeronautics and Space Act 
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and the appropriation of large sums of money by the Congress. This 
social need provides that essential environment to accelerate greatly 
the growth of theoretical and experimental science in many areas. It 
is true that this accelerated growth in science and technology is essen- 
tial to the on-going development of space capability, but a deeper 
significance is the complex, dynamic interaction between science, tech- 
nology, and space exploration, which is essential to the growth of 
science, technology, and space exploration. In this case, as in the 
cases previously cited, to use an analogy from bacteriology, there has 
to be a nutrient solution (money and employment opportunities) to feed 
the scientific and technological effort. And as soon as Lhis environment 
is provided, many latent efforts in science and technology begin to 
assert themselves and move forward. 

It is for reasons such as Lhis that the citizens of our nation, 
including those of Hawaii, and in fact the citizens of the world, have 

a stake in the exploration of space- 

The fundamental goals of our nation's space activities were expressed 
by Congress in the National Aeronautics and Space Act of 1938. The first 
of these is the expansion of human knowledge of the atmosphere and space, 
a goal which the President’s Science Advisory Committee later restated 
as the "exploration of outer space in response to the compelling urge of 
man to explore and to discover-” Prior to 1957, the exploration of outer 
space was carried on by astronomers in observatories on the ground, 
although some information about the lower aLmosphere was obtained from 
sounding rockets, ba 1 loons, and airplanes. All of the information came 
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to the astronomer in the form of waves radiated from the sun, the stars, 
and planets that reached our telescopes and spectrographs on the ground. 
Much of this radiation is blanketed out by the atmosphere, so that only 
a small fraction reaches the ground. However, during the past centuries, 
astronomers have Learned a great deal about the composition of the stars, 
L'neir life histories from the time of birth in the chance condensation 
out of the gas and dust of interstellar space, to their eventual destruc- 
tion and the explosion of the supernovae. 

Now the new tools of space exploration, the sounding rocket, the 
satellite, and the space probe, have made it possible to put instruments 
above the atmospheric curtain to cover the entire wavelength range from 
gamma rays to radio waves. Instruments can now be sent to the nearest 
planets, and probably in a few years to the outer reaches of the solar 
system. The knowledge obtained by these tools has come to be known as 
space science, but it is important to remember that this field is merely 
an extension of numerous scientific disciplines into the domain of space 
by means of the new tools - 

Space science has already opened up completely new vistas on some 
ot the oldest and most fundamental problems challenging science, includ- 
ing the structure of the universe, the abundance of the elements in the 
cosmos, the evolution of the stars and galaxies, the formation of the 


sun, and the origin of the earth. Extensive exploration has already 
been carried out in the near-earth region, the upper atmosphere, the 
ionosphere, and the magnetosphere in which the magnetic field lines 
anchored in the earth extend out into space. The investigations have 
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been extended into the interplanetary medium beyond the influence of the 
earth's magnetic field. Finally, extensive attention has been given to 
the sun, whose activity is responsible for many of the phenomena observed 
in the space near the earth. Further, a beginning has been made on 
astronomical investigations made above the blanketing influence of the 
earth's a tnjos phere . 

In the September issue of PHYSICS TODAY, Dr. Homer Newell reviews 
the impact of space techniques on geophysics. First, space techniques 
have provided new tools for studying old problems in such areas as 
geodesy, meteorology, upper atmospheric physics, ionospheric research, 
and sun-earth relationships. Second, space exploration has turned up a 
number of exciting new problems, greatly broadening the scope of the 
disc i P i ine . For example, the discovery of the Van Allen Radiation Belt 
on the flight of Explorer T led to the acceptance of a new concept, 
namely, that of the magnetosphere. It pointed to relationships among 
the solar wind, which was discovered by instruments Ln space probes, 
the magnetos phere , the radiation belts, the aurora, magnetic storms, 
ionospheric disturbances, and possibly even some influence of particle 
radiations on our weather. 

Third, as space probes, and eventually men, reach other bodies of 
the solar system, such as the moon and planets, the domain of geophysics 
grows beyond the confines of a single body of the solar system and throws 
new light on the study of our own planet- Everyone is familiar with the 
vast amount of information obtained in three television transmissions, 
Lasting less than 30 minutes each, from Rangers VII, VIII, and IX- 
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The instruments of these three spacecraft sent hock a total of some 
17.000 useful photographs of the lunar surface from altitudes ranging 
from more than 1000 miles In space down to virtually the point of impact. 
These photographs, by far the best ever taken of the moon, were so clear 
that astronomers can distinguish details as small as 18 inches across, 
with an accuracy 2000 times better than pictures taken from earth with 
conventional telescopes. The success of the Mariner IV flight to the 
planet: Mars is well know. Philip H. Abelson, editor of the magazine 
SCIENCE, September issue, states that "the results of the Mariner IV 
mission constitute the most important advance in space research since 
the discovery of the Van Allen Radiation Belts." Photographs show that 
Mars resembles the moon in topography by exhibiting many craters but no 
evidence of mountain chains. The magnetic field of Mars is not more 
than 1 / 1000 that of the earth, and Mars has no radiation belt. One 
experiment gives independent, evidence that the atmosphere of Mars is 
tenuous and unlike that of the earth. 

The subject of this talk emphasizes the manned space flight program, 
so that further time cannot be given to the space science program in 
this talk. I do wish to remind you, however, t ha t the scientific 
measurements of the space environment are absolutely essential in the 
design of satellites and space probes, whether manned or unmanned, in 
order to assure their successful operation in space. Thus Mariner IV, 
representing a superb engineering achievement, requiring the proper 
functioning of 134,000 parts after seven months in space, could not have 


been successfully designed to meet the rigors of the space environment 


1 1 

without the advance knowledge provided bv the scientific exploration of 
space . 

As we pursue investigations in basic science in the space program, 
we are also developing areas of applications such as meteorology and 
communications. These, as much as anything else we do, will serve to 
knit closer together the peoples of this earth in a bond of better 
understanding of each other's problems and of mutual assistance and 
benefits that will come with better weather predictions. Nine Tiros 
meteorological satellites have been launched, as well as the first of 
the second-generation meteorological satellites, Nimbus I. Cloud pic- 
tures from these satellites are now being used daily by operational 
meteorologists in their weather predictions, as well as being used for 
research on the dynamics of the weather- Their role in the location and 
following of hurricanes has been well publicized. Equipment has been 
developed which automatically transmits the cloud pictures seen bv Tiros 
to telemetry stations within range, so that any country is able to observe 
the local weather immediately on passage of the satellite. 

Eight successful communication satellites have been launched of 
three Ivpes, namely: passive, two Echo spheres; low altitude active, 

including two Tclstars and two Relays; and two synchronous satellites, 
Syncom II and TII. These .satellites have been used Lu demonstrate; trans- 
continental and transoceanic communication in all its forms, including 
telephone, teletype, and television. The experimental work carried ouL 
by these satellites forms a foundation for the operational system now 
being established by the Communications Satellite Corporation in 
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cooperation with mans' other nations. There are no real tnr.hnic.aT barriers 
to communication between individuals anywhere in the world, no matter how 
remote their locations. There are, however » many other problems, espe- 
cially economic ones in providing the wider networks of ground communica- 
tion from the individual to the transmitting and receiving terminals 
which are linked via the satellite. Certainly in the next decade inter- 
national radio and television will be almost as commonplace as local 
broadcasts . 

All oi our flight missions are undergirded by a program of advanced 
research and technology, carried out in in-house government laboratories 
of NASA and other government agencies, and in industrial and university 
Laboratories under contract. The work ranges from basic research to 
applied research and advanced technological development, and there are 
literally thousands of projects which cannot be described here in detail. 
The principal fields, ail relevant to space exploration, are physical 
science, engineering science, cosmological science, socio-economic 
studies, vehicle systems technology, tracking and data acquisition and 
processing, space operations technology, space propulsion technology, 
flight medicine and biology, basic medical and behavioral sciences, and 
space biology (effects of space environment on biological phenomena and 
extraterrestrial life). 

At present something more than half of our national space effort is 


devoted to manned space flight. Within the past three years we have made 
substantial progress in manned space flight in orbil about the earth. 

On February 22, 1962, John Glenn made three orbits in Friendship 7. 
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On May 24, the same year, Scott Carpenter made three orbits in Aurora 7. 

On October 3, Waiter Schirra made sb orbits in Sigma 7. And the program 
was completed with the flight of Gordon Cooper on May 13, 1963, in Faith 7, 
for 22 orbits. Project Mercury demonstrated that man can take his environ- 
ment with him into space and there do useful work, for flight durations up 
to one day. 

Attention was then turned to tlx Ge:riai program, and the first 
developmental flight took place oi\ Ap-il 8, 1964, with the successful 
demons trat ion of the launch vehicle and guidance systems and of the 
structural integrity and compatibility of the spacecraft and launch 
vehicle. A second unmanned £ Light , Gemini 2, on January L9, 1963, 
utilized the Gemini capsule with all. of its subsystems in a proof test. 

Then on March 23, the first manned flight, Gemini J, was accomplished by 
Virgil Grissom and John Young, consisting of three orbits. On June 3, 

James McDivitt and Edward White trace It J in Gemini 4 for 62 orbits. On 
one of these orbits, Edward White walked in space, and T will show you a 
color film of his walk at the end of this talk. On August 19, Gordon 
Cooper and Charles Conrad completed an eight -day mission in Gemini 3, 
which not only placed our country in first place for jurat ion of mission 
but also broke several other records- The use of propulsion for maneuver- 
i tig in space to change orbit was demonstrated, and certain experiments 
were made to study the problem of rendezvous with another spacecraft. 

Much more important, the Gemini 3 flight demonstrated that Project 
Apollo, which w L l send American explorers to the moon and back, is well 
within the physical capabilities of human astronauts. In the words of 
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one of the engineers, this flight qualified the first subsystem of Project 
Apollo, i.e., the human crew, for the lunar mission. 

The broad purpose of Lhe Apollo program is the establishment of a 
national competence for manned space flight out to distances of the moon, 
including the industrial base, trained personnel, ground facilities, 
flight hardware, and operational experience. The use of this capability 
for manned flight to the moon and return and for further space explora- 
tions out to distances of the moon is intended to bring about United 
States leadership in space. We then will be in a position to do whatever 
our national interests require in the further study and use of this new 
environment . 

The plan for reaching the moon in Project Apollo, as the culmination 
of our efforts during this decade to master the new environment of space, 
calLs for sending three astronauts into orbit about the earth and then on 
a course toward the moon. Near the moon a rocket is fired to slow the 
Apollo spacecraft so that it goes into an orbit around Lhe moon. Two 
astronauts then transfer to a moon ferry vehicle, fire a retro rocket, 
and descend to the lunar landing, using rocket thrust as a braking force 
since there is no atmosphere. The crewmen take turns leaving the ferry 
vehicle in their Lunar space suits to explore the cratered surface of 


Returning to the ferry vehicle, the two astronauts fire rockets 
that shoot them upward to rejoin the Apollo spacecraft and then head 
back toward earth and Lhe tiny corridor about 40 miles high through which 
they can safely enter the atmosphere from space. Protected by a heat 
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shield, and in the later stages slowed by atmospheric drag and by para- 
chutes, the astronauts return to earth. 

To perform this mission, many capabilities must be developed and 
practiced, including the development of rockets capable of launching the 
required load to the moon, of making path corrections, of braking, and of 
taking off from the moon; the development of the technique of bringing 
two spacecraft together in space, which we call rendezvous' the develop- 
ment of the technique of physically joining them to become a single space- 
craft, which wo call docking; the development of capability of astronauts 
to operate outside the spacecraft in space; the development of maneuverable 
spacecraft; and the development of guidance and control for all phases of 
the mission including reentry. Some of these capabilities have already 
been demonstrated. 

The development of rendezvous and docking begins with Project Gemini, 

L two - man spacecraft , v,\,ich also permits in early test of the capabili- 

ties of men and machines up to periods of two weeks. 

The Apollo three -man spacecraft will be fully exercised in earth 
orbit, practicing near the earth the rendezvous and docking maneuvers 
with the actual vehicles later to be used near the moon. It is estimated 
that NASA astroanuts will have accumulated at least 2000 hours of space 
flight time before wc attempt the moon voyage. 

The achievement of our space goals requires hard work, resourceful- 
ness, and daring. It requires the skills and abilities of scientists, 
engineers, educators, industrialists, artisans, and craftsmen all over 
the NaLion, and ic requires the determination of the American people. 
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It is the aim of NASA to marshal a nationwide team of the most competent 
participants working toward a common goal in such manner as to strengthen 
our free institutions in industry, universities, government, and local 
commun i t ies . 

We are carrying forward an active national space program, not 
limited to the moon, encompassing science, advanced engineering, and 
practical applications, including manned space flight. 

We are building toward pre-eminence in every phase of space activity 
--all the way from microscopic electronic components to skyscraper- ta LI 
rockets . 

We are building a network of large-scale engineering facilities, 
spaceyards, proving grounds, and spaceports to assemble, test, and 
launch the space vehicles we need now and in the future. 

We are creating new national resources of lasting value in these 
facilities; in ! ho i:nl trial and manager ia 1 capnb ilit* i c.s wc are develop- 
ing; and in the growing number of scientists and engineers who are 
learning about space and space technology. 

We arc filling the pipelines of hardware and knowledge, and, as 
measured by the financial resources required, were about halfway toward 
our first manned lunar mission in mid-196 1 ). 

We are accumulating, in space, the basic scientific knowledge about 
the earth, the solar system, the universe, and about man himself. 


We are bringing benefits not only to the United States but to all 
the world through the use of space and space technology, employing such 
new tools as weather, communications, and navigational satellites, and 
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applying space-based techniques, equipment, and materials to improve 
industrial products, processes, and services. 

Wc are providing a much-needed stimulus to the energies and creativ- 
ity of people everywhere, particularly to the minds and aspirations of 
young people. 

We are bringing about increased economic activity at a time when 
the effects of automation on our society arc beginning to be felt. 

And we are making certain, through our sustained efforts, that the 
realm of space now opening up to us shall be a domain of freedom. 

It is for these reasons that we have mounted the greatest peace- 
time undertaking in the history of mankind. 

Last year the German space pioneer Hermann Oberth quoted a word 
from his deceased colleague Kugen synger in a paper on "The Meaning of 
Space Travel" as follows: "Nature has placed a kindly veil over the 

goals which i has for us humans in ho r cosmic plan. In order to lead 
us to these goals, it has planted within us not only a bright intellect 
in the brain but aLso obscure impulses as a compass in our breasts. 
Eternal unrest and the will to go to far places for thousands of cen- 
turies let mankind wander over the entire earth. This eternal longing 
to wander Let us develop land, sea, and air transportation. From the 
very beginning only the bare human instincts have determined the direc- 
tions of human history until today and brought us to the threshold of 
space travel. Only the unclear distant Lravail of humanity will now 
lead us over this threshold. Space f Light comes upon us as a natural 
event horn in the deepest depths of the human soul, before which we can 
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only stand humble or defiant; space travel comes upon us whether we love 
it or hate it or do not heed it at all, whether we believe in it or 
ridicule it, just as war and high flood tides and death come over us." 

In a speech a few years ago, I gave my own answer to the question 
of the significance of space exploration to the ordinary citizen in 
every country of the world, as follows: "The exploration of space can 

give you new interests and new motivations arising from an expansion of 
your intellectual and spiritual horizons as you take a longer view of 
man's role in time and space at this point in the history of the human 
race . " 

President Johnson stated another goal in his remarks following the 
completion of the Gemini 5 mission. He said: "As man draws nearer the 

stars, why should he not also draw nearer to his neighbor? 

"No national sovereignty rules in outer space. Those who venture 
there go as envoys of the entire human race. Their quest, therefore, 
must be for all mankind--and what they find should belong to all mankind. 

The President has stated many times his hope that the exploration 
of space will draw mankind more closely together in friendship and 
cooperation. But seldom has he been more eloquent than in this state- 
ment, the closing words of which X would like to use at this time to 
conclude my own remarks: 

. Gemini 5 was a journey of peace by men of peace. The 
successful conclusion is a notable moment for mankind--and a fitting 
opportunity for us to renew our pledge to continue our search for a 
world in which peace reigns and justice prevails . . . 
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"Gemini is but. the? beginning. We resolve to nave many more such 
journeys - -in space and on earth--unt il man at last is at peace with 
himse If - ” 

Thank you. And now let us view together some of the most dramatic 
moments in our manned space flight program: Astronaut Edward White's 

famous 1 *wa 1 k in space. M 


. . . 0 . . . 
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MR. PUNCH Gentlemen, I think we shall proceed. 

I am certain that you all know Dr. Hugh L. Dryden, 
Deputy Administrator of the National Aeronautics and Space 
Administration. 

Dr. Dryden headed the United States delegation to 
the talks which were held in Rome with the delegation from 
the Soviet Union headed by Academician A. A. Blagonravov. 

These talks were designed to implement the agreement reached 
at Geneva last year and announced last December 5th at the 
United Nations. 

Dr. Dryden will make some opening remarks, after 
which the session will be open to questions. Although this 
session has been termed a briefing, what is said here may be 
attributed to Dr. Dryden. 

Gentlemen, Dr. Dryden. 

DR. DRYDEN: Gentlemen, having survived a three- 

language press conference in Rome, with some confusion as 
to the product that came out, I thought I should make myself 
available to you to try to give an overall picture and per- 
haps a little of the atmosphere of what went on in Rome. 

As was mentioned in the introduction, these meetings 
were to implement the agreement of Geneva. Those of you who 
may recall the terms of that agreement may remember that it 
was proposed that working groups be set up and that those 
working groups hold meetings in — — I have forgotten the exact 
dates -- at any rate, it has taken quite a while to arrange 
these meetings of working groups, but this is the nature of 
the Rome meeting, to implement the earlier agreement by talking 
about details. 

The agreement itself provides for the usual sixty- 
day period during which both of us may change our minds on 
details and suggest changes. This gives an opportunity for 
review by various agencies within both governments, and 
changes can then be made without embarrassment. For that 
reason the text of the agreement will not be released until 
two months from March 20th, and I assume it will be released 
in the same way as the earlier one at the United Nations in 
New York. However, it is quite feasible to talk about the 
general subjects covered, although I will omit numerical data 
which are of interest to some of the technical journals. 
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The first subject treated was that of weather 
satellites, and the first section of the agreement deals 
with the matter of exchange of pictures and nephanalyses 
from satellites in both countries. 

First of all, what kinds of pictures are to be 
exchanged. Not all of them, because the bulk would be so 
great, many are uninteresting. Therefore, the selection 
will be made, pictures of areas where there are no other 
weather observations, and pictures which show storm fronts, 
vortices, and so forth. 

These selected pictures will be transmitted 
within a relatively small number of hours — again I will 
omit the exact figure at this time — in time enough to 
be of use in forecasting. 

We talked about the method of indicating the 
location of the pictures, where were they taken, what 
part of the Earth, and the method selected and agreed to 
was that each picture would show latitude and longitude 
grids directly on the pictures which are transmitted, anu 
accuracy figures were given for the accuracy of location. 

We talked about the number of brightness levels, 
or what we in this country have usually called gray levels 
in the picture. 

We talked about the field of view, how big an 
area on the surface of the Earth should be covered by the 
pictures , 


It was agreed that nephanalyses, the cloud 
diagrams for all pictures, would be transmitted. Agree- 
ments were made about the scale, the kind of map projection 
that would be used. It was also agreed that conventional 
data which were of interest in the interpretation of satel- 
lite data would be transmitted as time was available on the 
communications link. 

The next part of the weather satellite picture 
dealt with the communications link. If you recall the 
earlier agreement, it was provided that there would be a 
direct connection between Suitland, Maryland, and the 
Weather Forecasting Institute in Moscow. Because this 
word ''communications'’ appears in the agreement in several 
senses there was some confusion at Rome. We are here 
talking about a hard-wire link by cable and hard line or 
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microwave between these two centers. The specifications 
were spelled out. It was to be a four-wire full-time link 
capable of facsimile transmission, and the standards were 
described in terms of existing international standards* 

The nature of the terminal equipment was specified in 
detail, giving the drum speed and the other technical 
characteristics of the equipment. 

The route of the line was determined. It was 
agreed that the testing of this line and installation of 
it would occur in early 1964. 

It was agreed in principle that there would be 
an equal sharing of the costs, since it is of equal value 
to both countries. We had some discussion about business 
arrangements which have not yet been settled completely as 
to how this would be handled, but this will be settled 
probably before the two months are up. 

We agreed that any country could have access to 
this communications link on a "receive only" basis, pro 
vided they are willing to pay a proper share of the cost, 
and so could have available for their use all Information 
which passed over the link. 

Finally, with respect to the satellites them- 
selves, it has become I think clear that — without talking 
about a specific number of satellites -- the objective is 
that each country maintain a working satellite continuously. 

If the life of the satellite is short, it will take a cer- 
tain number. If it ts longer it will take a smaller number. 

But the idea is that each of us should be able to take cloud 
observations, and that the meteorologists would coordinate 
the areas which are covered so as to get the maximum possible 
coverage of the Earth. 

The agreement itself simply says that we will 
meet toward the end of this year to discuss the coordination 
of launchings. 

If I may leave the subject of the agreement for a 
moment and just give you a little background, the Soviets 
said quite clearly that they were making tests of meteoro- 
logical equipment in the present Cosmos series of satellites. 

It was also quite clear that, like ourselves, they are a 
little uncertain about launch times and slippages. While 
at various stages we had a little more refinement than to 
say that the Soviets expected to launch their satellites in 
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1964, when it came to the final text they did not want to 
be pinned down more closely than that. Actuary, from some 
of the discussion it appears that they hope to be ready 
early in 1964, and I think this is indicated bo you by the 
desire that the communications link should be set up in 
the early months of 1964 

To return to the text, the next section deals 
with experiments to be made with the next Echo satellite 
to be launched, the Echo II. The altitude of Echo II will 
not be sufficient for simultaneous visibility between the 
US and the USSR, and it is therefore necessary to use an 
intermediary. In the part of the agreement that is defi- 
nite, this intermediary will be Jodrell Bank at the Univer- 
sity of Manchester. The Russians will operate from their 
Zimenky Observatory, of Gorky State University. 

QUESTION: Will you spell that, please? 

DR. DRYDEN : Zimenky Observatory is Z-I-M-E-N-K-Y . 

The university is G-O-R-K-Y, Gorky State University. 

QUESTION; Is that at Gorky? 

DR. DRYDEN: Yes. 

They are able to use 162 megacycles, which have 
been used from Jodrell Bank before, and is one of the fre- 
quencies that the Soviets have used in their satellite 
experiments , 

The communication from here to Manchester will 
be by ordinary means -- cable or radio. 

We ourselves are not so much interested in 162 
megacycles because our chief interest in Echo II is in the 
rigidity and smoothness of the balloon. We really would 
like to use much higher frequencies, frequencies of the 
order of those we are using with the active communications 
satellites to get a finer resolution of detail. 

We did get agreement that within the next few 
months the Soviets would consider the use of higher fre- 
quencies. This has to be considered jointly. It depends 
on the availability of equipment, of course, and the pos- 
sibilities of modifying existing antennas. 
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If we use frequencies that are possible to be 
used from the Goonhilly Downs station, they may be an 
intermediate point in these experiments. 

There is no money reimbursement in any of these 
projects. The Soviets have agreed to furnish tracking 
information of orbits over Russia that are not visible 
from the United States. They will carry out the usual 
types of communications experiments — a carrier, single 
frequency modulation, telegraph, facsimile, and voice, 
if feasible. 
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As I mentioned before, departing from the text, in 
Rotne because of a conference in Russian, Italian and English, 
there was a lot of confusion between this communications experi- 
ment and the communication link that is used for the exchange of 
weather data. They are quite separate and have nothing to do 
with each other. We are not using Echo balloon to give weather 
data and so on. 


The third area was that of magnetic field satellites. 
Here we ran into some difficulty and ran out of time, so that we 
will resume the discussions in Geneva at the time of the meeting 
of the Technical Subcommittee of the U.N. Committee on the Peace 
ful Use of Outer Space. 


Let me emphasize again this is not a part of the U. N. 
meeting at all, but since many of our people will be at that 
meeting this will be a convenient time to continue the discuss- 
ions. I think the matters at issue are not of great importance 
to you at this time. In general, we seek always to get close 
to the original data, the original observations themselves, and 
there is a little tendency to want to exchange data tha has 
various corrections made to it- 


We were unable to resolve our different points of view 
at this time, and we will resume it in the future. So that 
present agreement contains only a paragraph stating that we have 
had useful discussions, that we have exchanged points of view, 
and that we are resuming discussions in May in Geneva. I had 
discussed privately with Blagonravov his willingness to have a 
meeting between scientists engaged in our Venus probe and the 
Russian scientists concerned with the Mars probe. We did, at 
the very end — and this is the reason it was not in the press 
release” itself , because it occurred really just before the final 
signing — we got an agreement that scientists from these two 
projects would meet for discussions and exchanging of infor- 
mation at the time of the COSPAR meeting in Warsaw in early 
June. I think it is the first or second week in June. 


Although not stated in the agreement, it was made clear 
that both sides would probably present formal papers at the 
COSPAR symposium, but what we are talking about here are the 
individual scientists getting together and talking in greater 
detail. That much is in the agreement and the press conference 
that was held in Rome. In reporting this, I expiessed .he hop^ 
that this would ultimately lead to the coordination of experi- 
ments or interplanetary probes since certainly there is nu 
secrecy as tc. the launch date- Everybody knows when they will be 

launched . 
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It would seem that we could both get better coverage if 
we used somewhat different instrumentation in many cases and 
agreed to exchange the results. I do not know that this meeting 
of scientists will lead immediately to that, but I think in future 
discussions with the Soviets it is possible that agreements of this 
kind would be reached . Blagonravov was asked his views on the 
future cooperative areas and mentioned particularly the area of 
spacw science, the information necessary for man’s exploration of 
thr. universe. So much for the content of the agreement. 

I thought you might be interested in a little back- 
ground kind of information. I understand a Newsweek fellow got 
som* of it out of the Russian correspondents, so I had better 
give you this story. All three of our meetings have had a kind 
of protocol that we would meet first in the territory of one and 
then in the territory of the other, so that in this case, the 
first meeting -- actually there was a ceremonial of sorts, a 
greeting of the two delegations by the counselor of the U. S. 
Embassy in the absence of the American Ambassador in the Ambass- 
ador’s Office. The counselor’s name, I believe, is Williamson. 

There was no room in the Embassy itself, so that we met 
in £ r office building at 25 Via Abruzzi , which is the new offices 
of the Veterans Administration in Rome. I didn’t know that the 
Veterans had an office in Rome, but it is the central point for 
all of Europe, and the director was to move into his office last 
week. He postponed his moving in for a few days to give us a 
o h ti r •■=> t .?■ use t h ose rooms. 

The second meeting, since we had met in the U. S. 

Embassy and been greeted by the Ambassador, it was necessary that 
we go to the U.S.S.R. Embassy and be greeted by the Soviet 
Ambassador. This was done and the second meeting continued at 
that location. Following then, we alternated between Via 
Abruzzi and, not the Soviet Embassy, but the summer home of the 
Ambassador, which is outside the walls of Romo, a very magnifi- 
cent villa with Gubelin tapestries and sculpture and one thing 
and another . 

Actually, Blagonravov and his wife and one or two 
others were living on the upper floors of this summer residence. 

The Ambassador was not in residence there. Generally the pattern 
was to meet in the morning for about three hours, 9:30 to 12:30, 
meeting separately in the afternoon from about 2:30 to 6. After 
you get established you came in with a draft from the day before 
on both sides and compared points and argued matters of sub- 
stance and wording. So this continued throughout the period. 
Roughly there were 24 hours of joint meetings spread out over about 
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as people met on sight-seeing tours or at the meetings of the 
IQSY this last week. There was very little in the way of frat- 
ernizing socially, so to speak. There were two social occasions, 
a cocktail party given by Ramberg, the Science Attache of the 
U. S. Embassy at his residence, and a cocktail party given by 
the Soviets in the Russian Embassy. 

After the signing, and while we were waiting for the 
cars from the Embassy to come out to the summer residence of 
the Ambassador, the Russians brought out caviar and vodka to 
properly celebrate the occasion* I mention that because I know 
that one paper has the story, a magazine, and will probably 
use it, I will not defend my reputation for not drinking vodka, 
but obviously there was some pressure on the part of the Russians 
and ourselves in having come out with something definite. 

There was no atmosphere of cold war anywhere, and has 
not been in these meeting since the first one in New York when 
Blagonravov read the Russian protest against the nuclear tests 
in the atmosphere, at which time he finished the reading by 
saying that he did this on request -- by direction. Si ee 
that time, after we made it clear we had no instructions in 
that area, had no competence in that area and would not engage 
in this type of discussion, there has never been a mention of 
any of these questions which have been agitated so much by the 
Soviet political group in other quarters. 

There was, so far as we can tell, only one political 
or semi-political person in the group. I think you have the 
list — it was Mr. Stacheffski, of the Foreign Office. In our 
early meetings he had tried to exercise a little control over 
the Soviet delegation, for example, in the matter of whether to 
sign a piece of paper or not. He had been overruled by Blagon- 
ravov. It has been clear ever since that Blagonravov is in 
charge of the delegation. 

The general atmosphere has been a friendly one. There 
is an evident desire to cooperate within the political frame- 
work of both countries. It has been realized on both sides that 
the only hope at the present time is to stay in areas that are 
not at the apex of the cold war. There were two Russian women 
present -- Mrs. Blagonravov and Blagonravov T s secretary. They 
were the only women in the Soviet delegation. 

There was a little friendly barter and gifts made. I 
noticed some of our people exchanging Tiros cuff links or tie 
clasps or other little articles for similar Vostok i terns . 
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mcc-4 Mr. Klokov of the Communications Ministry, had a supply of recent 
Russian stamps, including all of the austronauts and the cele- 
brations connected with aviation and so forth. Mrs. Blagonravov 
had given presents to the wives of a lew of us. and we naturally 
responded in kind . 

I have the feeling that this simply illustrates the 
fact that Russia is a very large nation, that there are very many 
groups within it with different ideas and different proposals, 
and that in this case here is a group of scientists who wish to 
engage in cooperation. 

This is a very long statement. Just one more aspect 
that has interested some people. These are the difficulties 
connected with language. There were quite a battery of trans- 
lators present on both sides, but we have found repeatedly that 
the mere traslation of a word from one language to a word in 
another language is not sufficient to convey the meaning, that 
there are all sorts of connotations that have to be taken into 
account . 


One instance, we used the phrase of exchanging things 
of interest and value. In Russian they did not know how to 
translate this. In Russian the two words are essentially the 
same. And I guess we rationalize it by saying that the 
Russians aren't interested in anything that doesn't have value. 
At any rate, here is a shade of meaning that they don't seem to 
have. They had trouble with English words. Very often the 
English text was not changed ? but there had to be a few more 
words in the Russian language. 

For example, we gave a different accuracy for the 
pictures on which landmarks were available. This English word 
'’landmarks" gave them somewhat of a problem. Apparently, there 
is no Russian word which says exactly the same thing. We talk 
about the gray levels of the picture, and that, of course, is 
a kind of slang. It was finally changed to brightness level 
to correspond with the word which meant more to the Russians. 

We talked about making results available to the 
scientific and technical community. The use of the word 
"community” in that sense is peculiar to the English language, 

apparently, so they stated it in terms of making it available 
to scientists and technical people, or something of that sort. 
But I think the ore perhaps which is more striking, v?e had used 
the language of the Echo experiment. We said, I guess, the 
"Echo satellite be used for a program to demonstrate communi- 
cations between the U.S. and u.S.S.R." They could not accept 
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this. It took us a very long time to find out what the trouble 
was. It turned out the trouble was with the word "demonstrate , " 
A demonstration in the continent is a group of miners marching 
on Paris, or it is a political demonstration of some sort. They 
thought we had introduced this word to indicate that we were 
going to have Mr. Kennedy call Mr. Khrushchev, or make some kind 
of political hay out of this. 

The whole difficulty disappeared by simply phrasing 
it that we would make an experiment to test the feasibility of 
direct communications. This will give you a little idea of 
some of the problems that come up. It doesn't pay to be sus- 
picious too early. You have to explore by asking the same 
questions many different ways in order to discover what the 
meaning is. 


Many of you have heard stories of other international 
conferences whet's something spoken has aroused fury and resent- 
ment, and afterwards it was found merely the choice of word 
by a translator had given an erroneous impression. So that we 
wonder what we did for 24 hours. It is a tedious job i- many 
ways, not as direct and straightforward as you might think. I 
think that is all I have to say. 
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QUESTION: Dr, Dry den, when you say the matter of hours 

would intervene in the selection of the pictures and so forth, 
and then it would be communicated on the communications link, 
in time for forecast, do you mean for that same day? 

DR. DRYDEN: Yes , that 4 s right* I don’t want to 

state the figure because there might be some negotiation to 
change it . 


QUESTION; Dr. Dryden, you have emphasized in the 
past that this must be a two-way exchange. 

DR. DRYDEN: Yes. 

QUESTION: Is all of this cooperation in the weather 

satellite conditional upon their launching of the weather 

sate 11 ite? 

DR. DRYDEN: We have made it very clear that the 

purpose was to exchange satellite data. We have essentially 
written in restrictions on the use of the line for ordinary 
meteorological data only if time remains after the other pictures 
are transmitted. We have also made it clear that while we will 
not count picture for picture : that there must be a substanially 
equivalent flow both ways, that the line will really not be 
activated until such exchange is available. 

We are in the* position, of course, at any time to 
stop transmitting over the direct line if we are not satis- 
fied with the performance on the other side. 

in addition since pictures of course degrade on 
transmission over such a line ? it has been agreed that pictures 
will be mailed, that is, some of the original pictures will be 
mailed so that we can assess the quality of the transmission. 

There is provision made that on nephanalyses , which 
have to be transmitted for all pictures, that if there is an 
interesting area we can ask for the picture for that area, and 
they can do the same. 

QUESTION: Why on this communications link, did you 

decide to set up a direct bilateral rather than working through 
the TOO? 


DR. DRYDEN: 

two satellite launching 
beginning that we would 
pro rata sharing of the 


The reason of course is that we are the 
countries, Tt has been agreed from the 
permit these drop-offs if there were 
cost. There are no direct links new 
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which permit facsimile transmission to the Soviet Union* 

There is a general paragraph in the introduction that 
the summation must conform to the recommendations of the WMO, 
There is no attempt to evade the WMO in this proceeding at all. 
In fact, it is to supply the information for the WMO countries. 

QUESTION: But any countries can just tap the wire, 

so to speak, if they paid the freight; is that it? 

DR. DRYDEN : Yes, that is right. 

QUESTION: Does this apply to Communist China or 

only UN members? 

DR. DRYDEN: Oh, no. This line doesn T t go anywhere 

near Communist China. 

QUESTION: Could you tell us the route, Dr, Dryden? 

DR. DRYDEN: Generally across Europe. Again I ion't 

want to specify in detail. 

QUESTION: How long is this weather satellite agree- 

ment to last? 

DR. DRYDEN: It is an open agreement. There is 

no time limit. 

QUESTION: You pointed out that each country has 

agreed to have a functioning satellite up at all times. And 
you said that would depend of course on the life of tiie 
satellite. How can you make such determination without some 
idea of what the life of the experiment is in the agreement? 

DR. DRYDEN: The fact is that this country will 

maintain a weather satellite up at all times. In fact, perhaps 
more than one, before we get through. So we are not making any 
commitment that is piled on top of an existing commitment. 

QUESTION: Is our participation in this program based 

on the Nimbus satellite or the Tiros satellite? 

DR. DRYDEN: Well, from their own statement, 1964 

is the year when they will be ready. Wo hope the Nimbus will 
be ready at that time. 


QUESTION: Then why is bilateral — why is the bilateral 

experiment necessary if we are going to get ICO percent coverage 
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with the Nimbus anyway, aren't we? 


DR, DRYDEN: Not quite. But approaching it. Here 

again, one Nimbus goes over a certain place on the Earth once 
per day — one time. If you want the weather at noon everywhere, 
you wouldn’t get it with one satellite. 

The coordination means that the Russian satellite would 
be launched at such a time that we would get greater coverage 
in time . 


QUESTION: Then there would actually be coordination 

as to the time of launch? 

DR. DRYDEN: That is correct, yes. 

QUESTION: Dr. Dryden, getting back to this direct 

communications link, how many teletype channels would be 
available here? 

DR. DRYDEN: Just one each way. It is a four line 

c ircuit , 

QUESTION: This means that you can carry facsimile 

plus one two-way teletype? 

DR. DRYDEN: No. There will be a facsimile, we hope, 

flowing both ways all the time, or nearly all the time. 

QUESTION: What I am trying to get at, perhaps in- 

directly have we established this direct communications link 
between the Kremlin and the White House, which has been dis- 
cussed ever since the Cuban crisis? 

DR. DRYDEN: We have established a facsimile connection 

between Suitland, Maryland and some location that I don't 
know exactly, in Moscow. We specified that this link is to 
be used for meteorological purposes. I think there is some fear 
on the Russian side that we might want to use this for political 
purposes. The intention is that this is not the direct link 
that has been talked about. And of course it is fairly simple 
to set up a channel, a telephone channel, if you want a tele- 
phone channel, or teletype channel, to Moscow. You people 
do it every day in your business. Why should they bother this 
link with that kind of traffic? 

QUESTION: What would be the mechanism, sir, to use 
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Jodrell Bank as an intermediary on the Echo experiments? 


DR. DRYDEN: The mechanism is that we agree that we 

would arrange that, and we have already had discussions with 
the British authorities and with Lovell. 

QUESTION: How will it work? Lovell will make the 

observations for us? 

DR. DRYDEN: No, no. We will have a cable or radio 

link to him so that we can, ourselves, receive information 
via the satellite, as well as receiving it in Jodrell Bank. 

QUESTION: Dr. Dryden, in the early agreement — 

I think the document we gotlast December — it spoke about 
two phases of this thing. 

DR. DRYDEN: That’s right. 

QUESTION: In the experimental stage each country 

would put up one satellite. Then after that the thing would 
become an operational thing and transmission would be made 
in real time. 

DR. DRYDEN: Yes. 

QUESTION : Does that mean hot off the satellite 

without any selection of pictures or anything like that? 

DR. DRYDEN: No. There is no provision for read- 

out of each other's satellites, if this is what you are driving 
at. The satellite information would be received in Moscow, 
the pictures selected and transmitted, but within a relatively 
few hours of the actual observation t You see up to an hour or 
hour and a half would be taken up in the satellite coming 
around over its read-out station. Then there would be the time 
necessary to look at the pictures and make a selection. There 
will be time required to put the grid on it, which locates it. 
But all of this can be done within a relatively small number of 
boars . 


QUESTION: It would be quicker than during the ex- 

perimental phase, is that the point? 

DK. DRYDEN: Well, -- 

QUESTION: Transmission from 
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DR, DRYDEN: Essentially the experimental phase is 

simply experiments made nationally without the exchange of 
pictures. What this amounts to is the Soviets will be ready 
to exchange pictures sometime in 1964. 

QUESTION: How long does it take the Tiros station 

to process its pictures and make a nephanalysis which is of 
value, say, to transatlantic jet pilots, as we are doing now? 

DR. DRYDEN: I don't know what the record is. It is 

certainly within six hours. 

QUESTION: Within six hours? 

DR. DRYDEN: Yes. 

QUESTION: Would it be expected then that a figure 

like six hours would be shot for in this thing? 

DR. DRYDEN: This is not the exact number, and I 

say I don't want to give you the exact number until the 60-day 
period is up. It is of that order of magnitude. 

QUESTION: That is what I meant, 

DR, DRYDEN: It is not 24 hours, it is not 12 hours. 

It doesn't happen to be six. But — 

QUESTION: Is there any question of the necessity of 

compatibility of equipment here? Does their equipment have to 
be the same as ours so that at some time in the future we might 
be able to tap? 

DR, DRYDEN: No, It is quite clear the compatibility 

is in the product, the picture. Nothing is said about the nature 
of the apparatus which gives you that picture. 

QUESTION: Dr. Dryden, I wonder if you could elaborate 

a little bit for us on the nature of the experiments that the 
Soviet Union has already done in weather satellites. Have they 
been taking pictures? 

DR. DRYDEN: They did not tell us. They did not tell 

us. They simply said that they are making experiments with the 
Cosmos series. 

QUESTION: They didn't tell us whether they have been 
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taking pictures of cloud cover of the United States, for example? 

DR. DRYDEN : The inference was that they had been 

taking pictures of cloud cover, I don r t know where. 

QUESTION: Dr. Dryden, on the basis of your talks 
in Rome, do you feel that the Soviets are sufficiently advanced 
in weather satellites to be an equal partner with us in this 
whole business. 


DR* DRYDEN: I think it is obvious that they are not 

right at this moment but that they hope to be in 1964. 
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QUESTION: Dr. Dryden, up on the Hill the question 

is being raised as to why we should cooperate with the 
Soviet Union in these two areas of communications and weather, 
since these are areas that are also of great interest to the 
military. I wonder what your answer is to this kind of 
ebj ect ion? 

DR. DRYDEN: The weather, I think, ordinarily is 

regarded as not specifically a military topic. The military 
is interested in certain detailed aspects of weather in con- 
nection with their operations. The satellites, more specifi- 
cally, give you global weather. You cover a substantial area 
with cloud pictures, several hundred miles on a side. In 
general the military interest perhaps is in smaller areas. 

I would say that just as in communications, ordinary 
carriers satisfy a very large fraction of the needs of the 
military. They rent channels just as you do. There are some 
areas of military communications that are not satisfied by 
commercial carriers. I think all I would say is that the 
Nimbus system has worked out to cover the general military 
requirements for weather data. There may be special require- 
ments not covered. 

QUESTION: On this Echo satellite, would you 

elaborate just a little about how this will work? Do we 
understand that when the satellite is mutually visible to 
the United States and Jodrell Bank, the signal would be 
sent through space? 

DR. DRYDEN: No. 

QUESTION: How does that work? 

DR. DRYDEN: This is not the present plan. The 

present plan is when it is mutually visible from Jodrell 
Bank and Russia that we will talk via cable or radio to 
Jodrell Bank, which will then transmit it via satellite 
to Russia. 

QUESTION: But there would be no European land 

lines and space link across the Atlantic? 

DR. DRYDEN: No. We have done enough experimenting 

of that kind, I think. 

QUESTION: Dr. Dryden, what areas would we like 
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coverage with a Russian weather satellite in terms of our 
Nimbus system? Are there some geographical — 

DR. DRYDEN : The areas of most concern to the 

worldwide weather people are the very large ocean areas 
where there are very few observations of any kind, and 
the weakest areas are those in the Southern Hemisphere, 
of course. 


QUESTION: Dr. Dryden, is there anything in the 

event of another crisis, like the Cuban crisis, to prevent 
use of this link between the United States and Russia to 
prevent communications between the leaders — 

DR. DRYDEN: This is a hypothetical question. 

I guess Khrushchev still runs the Soviet Union and Mr. 

Kennedy has pretty much of a voice on this side. 

There is no necessity that this link be used. 

If the White House wants a link to Russia, they can set 
it up in, I would guess, about half an hour, through the 
ordinary channels. 

QUESTION: Dr. Dryden, was there any discussion 

of the possibility of exchange of scientists so that — 

DR. DRYDEN: No* 

QUESTION; — selection of pictures could be 
made at the point they are received before — 

DR. DRYDEN: Not at the present time. This is 

one matter that is not directly covered. Frankly, we hope 
that we can lead into this kind of a situation. But at 
the present time the whole matter of rockets, space vehicles, 
space technology, in Russia is completely classified. And 
if you are going to base agreement on breaking that wide 
open at the present time, then we have no kind of agreement. 

QUESTION: I was speaking in this case of only 
the picture product to make the decision on what is to be 
transmitted back. 

DR. DRYDEN: At the present this does not provide 

for this kind of exchange of personnel. It does provide 
for the possibilities of the meteorologists at the two ends 
to interrupt the facsimile and talk by telephone directly. 
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QUESTION: was there any discussion at all 

between you and Blagonravov or any of your other people 
about the possibility of joint launchings? You say 
that it is completely classified; we understand that. 

DR. DRYDEN : We started this in the early days. 

It was quite obvious that they would not consider that, and 
that they would not consider read-out by others. 

QUESTION: So in this 24-hour period of talks 

this wasn't even brought up? 

DR. DRYDEN: This wasn't brought up. 

QUESTION: Dr. Dryden, you mentioned that they 

would provide tracking information over the Soviet Union. 

DR. DRYDEN: Yes. 

QUESTION: This is the first time, as far as I 

can recall, in which they will provide tracking information 
of our satellites. Is this restricted to Echo II? 

DF. DRYDEN : This, at the moment, is restricted 

to the Echo. 

QUESTION: Was there any discussion — 

DR. DRYDEN : There is no adjective in front of 

it. It might optical tracking. 

QUESTION: Was there anything opening the door 

to cooperative tracking of satellites? 

DR. DRYDEN: Cooperative tracking? They are 

willing to consider the question of radar tracking, but 
they cannot -- they could not make this commitment because 
obviously the radar is the property of the military. But 
they are going to take up the question particularly in the 
inflation period of Echo of making radar observations. 

QUESTION: And then reporting them to us? 

DR. DRYDEN: Yes. 

QUESTION: By what means; did they say? 
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DR. DRYDEN : Since at the moment it is a fact 

that they will consider, this is again one of those things 
which may change within the sixty days. I perhaps am 
going too far even in making a point of this, 

QUESTION: Why would tracking of a satellite 

over the Soviet Union be of any particular interest to 
us if we know the orbit? 

DR. DRYDEN: Only in the question of up-dating. 

The particular interest actually as I have indicated is 
during the inflation period. This is the main interest. 

QUESTION: Dr. Dryden, if the Russians really 

wanted to have a direct read-out of our Nimbus weather 
satellite, couldn't they buy cheap equipment? 

DR. DRYDEN : They wouldn't need to buy it. 

They could probably make it without any problem. This 
becomes a matter of national policy. 

The intention, of course, is to broadcast 
continuously, although I must remind you that that is 
under our control. This is one of the things which 
can be commanded on or off in the satellite. 

We have not given consideration of any attempt 
to deny this to the Russians. We would be denying our- 
selves and denying other countries nearby. 

VOICE: Thank you very much, Dr. Dryden. 

(Whereupon, at 10:50 a.m., the briefing 
was concluded.) 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

WASHINGTON 35. 0 C. 


The Honorable Robert S. Kerr June 22, 1961 

Chairman, Senate Committee on 
Aeronautical and Space Sciences 

My dear Senator Kerr, 

As you suggested during my recent discussion before the 
Committee, I will attempt to put in writing the remarks I made 
as to the significance of the program recommended by the President 
for landing a man on the moon and his safe return by the end of 
the decade to the present and future welfare of this nation. 

The attainment of the goal stated by the President requires 
extensive research and development in almost every branch of 
science and technology at the frontiers of knowledge in these 
various fields. New materials and components must be developed 
to function In the extreme cold and the extremely low pressures 
of outer space, at the extreme speeds, and at the extreme 
temperatures attained in rocket combustion chambers and on the 
outer surface of bodies reentering the atmosphere at high speed. 
New developments in propulsion, in electronics, in communications, 
in guidance and control techniques , in computer techniques, are 
necessary in order to accomplish the task. New information in the 
life sciences, including the effects of the radiations encountered 
in outer space, the effects of 16ng periods bf weightlessness, and 
long exposure to a completely closed environment --all these are 
required and will provide new basic information about the 
performance of the human body under adverse conditions. This 
new knowledge and experience in the space sciences and tech- 
nologies will provide the sound basis for applying our new- 
found knowledge to the design of space vehicles for a variety 
of purposes, sone now foreseen, others unthought of at present. 
These applications include not only space vehicles for scientific 
research, for communications systems, for meteorological obser- 
vation, and presently unforeseen civil use3, but also space 
vehicles for potential applications in the national defense. 

Space technology, like aeronautical technology, can be applied 
to military systems, and we must be well advanced in this 
technology to avoid its possible exploitation against us. 

Equally important is the fact that these developments in 
science and technology are transferable to other applications 
in our* industrial society. We have had repeated evidence in 



the history of the development of the automobile, the airplane, 
and the nuclear reactor of the transferability of developments 
in these fields to other industrial applications. The develop- 
ment of space science and technologies strengthens our whole 
industrial base and serves as insurance against technological 
obsolescence. Education will profit. The discipline of co- 
operation in a great national effort may well be the instrument 
of great social gain. Many hope that space may be an area 
where all the nations of the world may learn to work together 
for the benefit of all men. 

The setting of the difficult goal of landing a man on 
the moon and return to earth has the highly important role 
of accelerating the development of space science and tech- 
nology, motivating the scientists and engineers who are engaged 
in this effort to move forward with urgency, and integrating 
their efforts in a way that cannot be accomplished by a dis- 
connected series of research investigations in the several 
fields. It is important to realize, however, that the real 
values and purposes are not in the mere accomplishment of man 
setting foot on the moon but rather in the great cooperative 
national effort in the development of science and technology 
which is stimulated by this goal. 

The billions of dollars requred in this effort are not 
spent on the moon; they are spent in the factories, workshops, 
and laboratories of our people for salaries, for new materials, 
and supplies, which in turn represent income to others. It 
is unfortunate that space exploration is still 30 new that 
Journeys of man to the moon are synonymous with foolish or 
visionary enterprises as described in science fiction. Fifty 
years ago flying through the air had the same c onno tat ions- - 
risky, expensive, useful only as a sport. Our lack of 
appreciation of the potentialities of aeronautics extended 
through the early years, forcing the Wright Brothers to go 
abroad. We entered the first World War with no design 
capability and no manufacturing experience, dependent 
completely on foreign designs. Only after the war did we 
begin to devote effort to research in the new aeronautical 
technology. We must not undergo the same experience in space 
science and technology. The national enterprise Involved 
In the goal of manned lunar landing and return within the 
decade is an activity of critical impact on the future of 
this nation as an Industrial and military power, and 
as a leader of a free world. 


/s/ Hugh L. Dryden 
Deputy Administrator 



67 



A National Space Program for the United States 

by 

Dr. Hugh L, Dryden, Director 
National Advisory Committee for Aeronautics 

for presentation at the 
Tenth Annual California Wing Convention 
Los Angeles, California 
April 26, 1958 

My first airplane ride was in a Curtiss Eagle. It was one of the 
first of America’s first trimotors, powered by Curtiss engines rated at 
150 horsepower each. The brochure - - I still have it -- described the 
airplane as an ’’aerial limousine, with plywood cabin giving full pro- 
tection from wind, and reduction of noise so as to permit conversation.” 
Top speed was a little more than 100 mph and cruise was hardly 80mph. 
Nothing was said about range. 

The Curtiss Eagle was obviously the ultimate in air transport. 

The brochure strongly suggested that thought. I was in no mood to chal- 
lenge the obvious, because that was in 1919 and I had yet to learn how 
quickly and surely ’'ultimate" achievements in aeronautics are surpassed. 

I must confess that in 1919, if anyone had predicted that 40 years 
later, commercial transport across country would be scheduled at 550 mph, 
well, I would have been skeptical. My inclination today, based on the 
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rapidity of yesterday’s progress, is not to say things can't or won't 
happen. Besides, it has been far more satisfying to have been involved 
in some of the work that contributes to our progress in the realm of 
flight, 

On April 2, President Eisenhower sent a message to the Congress, 
recommending that aeronautical and space science activities sponsored 
by the United States be conducted under the direction of a civilian agency, 
except for those projects primarily associated with military require- 
ments. The draft legislation, sent to the Hill at the same time, centers 
responsibility for administration of the civilian space science and ex- 
ploration within a new National Aeronautics and Space Agency, the 
nucleus of which will be the National Advisory Committee for Aeronautics. 

The President has directed NACA to prepare the specific new 
space programs that NASA should undertake., He has also instructed 
NACA to present to the appropriate committees of the Congress a full 
e xplanation of the proposed legislation and its objectives. 

These facts will explain why I am here today to discuss with you, 
in even the necessarily broad terms I shall use, "A National Space Pro- 
gram for the U.S. . " 

The need for the United States to assert its leadership in the 
fields of space technology is self-evident. For the record, however, I 



should like to note the four reasons the President's Science Advisory 
Committee has listed as giving urgency and immediacy to our advance- 
ment in space technology. They are: (1) the compelling urge of man 
to explore the unknown; (2) the need to assure that full advantage is 
taken of the military potential of space; (3) the effect on national pres- 
tige of accomplishment in space science and exploration; and (4) the 
opportunities for scientific observation and experimentation that will add 
to our knowledge of the earth, the solar system, and the universe. 

The space programs that must be promptly undertaken and vig- 
orously carried to completion fall into three groups. First, there are 
projects for development of satellites and space craft such as those used 
for reconnaissance. These, clearly, are activities that are, and I quote 
from the language of the proposed legislation, "peculiar to or primarily 
associated with weapons systems or military operations." Such projects 
would be carried forward by the Department of Defense. Then, there are 
projects for development of satellites and space vehicles with the special 
capabilities required by the scientific community to probe the secrets of 
our solar system. Projects in this second category would be the respon- 
sibility of NASA. Finally, there are space projects that will be useful for 
both military operations and the data -gathering needs of civilian science. 

Space projects in this third project will be reviewed jointly by the 
Department of Defense and the NASA to determine where responsibility 
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shall be lodged or whether the projects will be undertaken cooperatively. 

I, for one, might be concerned about the difficulties that could be expected 
to arise in these negotiations, were it not that since 1915 the military 
services and the NACA have worked together -- closely and harmoniously. 
The fact that we are moving into the new, unexplored areas of space 
merely increases the essentiality of this effective partnership. 

Since the President's message on space, we have conferred fre- 
quently with responsible officials of the Department of Defense -- among 
them, the Deputy Secretary of Defense, Donald A. Quarles; ARPA Director, 
Roy W. Johnson, and ARPA, Chief Scientist, Herbert York. On both sides 
there has been evident a firm resolution that the military and civil seg- 
ments of our space program be so administered that taken together they 
are of maximum benefit to our country. 

As our exploration of space proceeds, I expect we shall find that 
most of the progress made in the technology will be applicable to satel- 
lites and space craft whether they are operated for military or civil pur- 
poses. My confidence on this point is based on the knowledge that in aero- 
nautics, the research advances made in aerodynamics, propulsion and 
structures have been promptly used, first by the designers of military 
airplanes and then by the builders of commercial aircraft. The research 
and development performed under military auspices will be valuable in 
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furthering our space exploration for civilian purposes. The flow of use- 
ful information in the opposite direction will be similarly beneficial. 

Over the past 43 years, the research activity of the NACA has 
been directed toward solution of the problems of flight. Until the end 
of World War II, these programs were focused mainly on problems pecu- 
liar to airplanes. Since then, we have been working increasingly to pro- 
vide information useful in the design of missiles. Today, more than 50 
percent of the effort of our 8,000 scientists, engineers and supporting 
personnel is applicable to missiles, satellites and space craft. 

As stipulated in the draft legislation, the NASA will, and I quote, 
"plan, direct, and conduct scientific studies and investigations of the 
problems of manned or unmanned flight within or outside the earth's at- 
mosphere with a view to their practical solution. " Beyond this respon- 
sibility, study of the problems of flight, the bill provides that NASA shall 
develop, test, launch, and operate aeronautical and space vehicles, and 
that it shall arrange for participation by the scientific community in the 
planning of scientific measurements and observations to be made through 
use of aeronautical and space vehicles; and conduct or arrange for the 
conducting of such measurements and observations, and provide as appro- 
priate for dissemination of the data collected. 

The first of these new responsibilities over and beyond today's 
functions of NACA -- the development, testing, launching and operation of 
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aeronautical and space vehicles -- I wish to discuss in more detail a 
little latter. Respecting the second, it is imperative that the best scien- 
tific judgement available be employed to determine our space science ob- 
jectives, and to this end it will be necessary that NASA work most closely 
with the National Science Foundation and our National Academy of Sciences. 
Again, as instructed by the President, we have already begun discussions 
with these bodies, as well as other governmental and non -gover mental 
bodies to insure participation by the scientific community in the planning 
and coordination of the scientific programs for the use of space vehicles in 
civilian science. 

Much has been said in recent months about these civilian science 
programs. I should like now to quote several scientists about the kind 
of fundamental, new information in their specialties that use of space 
vehicles can be expected to provide. This type of information, I might 

add, can be obtained only from positions out in space. 

First, the statement of a geophysicist; "Observations of the mam- 
made satellites will lead to important conclusions as to the precise shape 
of our planet. The plotting of the trajectories of a number of artificial 
satellites will finally enable us to determine the exact configuration of the 
earth, an extremely important element in the study of the origin, history 
and structure of our planet. By knowing the satellites 1 speed we shall 
be able to calculate precise measurements of the distances between 
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various points on the globe, thus making the present data more accurate. 

TT Satellites open new avenues for research in all the earth sciences 
gravimetry and geochemistry, geodesy and geophysics, seismography and 
hydrology . They will give us important information on the composition 
of cosmic dust that floats through interstellar space. Science has thus 
far merely guessed at its nature and properties, but the satellite laboratory 
will afford the possibility of undertaking a study of this problem from stage 
to stage. The supposition that cosmic dust is the material out of which 
planets are formed testifies to the importance of such a laboratory.” 

Next, 1 quote a meteorologist: "Air masses that form above ocean 
areas often determine the weather of land areas. Unfortunately we know 
so little about these great wastes of water which cover two-thirds of the 
globe that we know no way to forecast devastating typhoons and tornadoes. 
Immeasurably broader possibilities for study of the upper reaches of the 
atmosphere and of its lower regions where weather is made are opened by 

the creation of the man-made satellite. 

'It will be possible to obtain detailed information about the move- 
ment and distribution of clouds throughout the globe and, consequently, of 
the air currents over most of its surface. It is of great value in advancing 
studies of the general circulation of the terrestrial atmosphere and creat- 
ing physically substantiated methods for long-range weather forecasts. 
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"To investigate the complex movements and changes in the 
atmosphere we must know the earth's albedo, the quantity of energy 
the earth reflects into space. Satellite observations will supply us with 
this vitally necessary information. They will also fill in the very scanty 
data we now have on the density of air at high altitudes, the interaction 
of the atmospheric layers, and supply other such information with which 
we can accurately determine the laws of weather formation. 

"In addition to having satellites circle the earth at altitudes of 
several hundred miles, it is desirable to set them spinning at lower alti- 
tudes. While these laboratories probably will not function long, they 
nevertheless can furnish data on the atmosphere around the earth that 
cannot be obtained from any other source 0 " 

My third quotation is from a physicist: 'Investigations of diurnal 
variations, magnetic storms and the phenomena connected with them led 
scientists to assume that the external magnetic field may be due to systems 
of electric currents existing beyond the earth. The most likely place 
where such currents can originate is the ionosphere — those layers of 
atmosphere which contain a large number of electrically charged particles. 
The existence of sources of a magnetic field in the ionosphere has been 
confirmed by direct magnetic measurements made with rockets. It is 
also assumed that currents may exist beyond the ionosphere. The source 
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of extra-ionospheric currents may be the charged particles, corpuscles, 
emitted by the sun, captured by the earth's magnetic field and revolving 

around the earth in the plane of its magnetic equator. 

"Measurements made on satellites will help to verify whether the 
streams of solar particles are neutral or consist of electrically -charged 
particles of any given sign. Satellites will also help to verify the existence 
of extra-ionospheric currents, to obtain data on the ionospheric system 
of currents, and extend our knowledge of the main part of the magnetic 
field created by the sources within the earth". 

"In studying celestial bodies, we astronomers have always been 
enormously handicapped because our observatories and scientific stations 
are at the bottom of the air ocean which envelops the earth, an ocean hun- 
dreds of miles deep. We have dreamed of observatories outside the atmos- 
phere and the satellites have brought our dreams closer to reality. 

"Now we can confidently predict the construction of satellite 
observatories within a few years which will circle the earth at an altitude 
of several thousands of miles and transmit scientific data from inter- 
planetary space. One of the next steps is a rocket capable of penetrating 
beyond the sphere of terrestrial gravitation, of reaching the vicinity of 
the moon and circumnavigating it. Such a rocket would give us a wealth 
of information on the nature of lunar terrain and the structure of the dark 
side of the moon that is not visible from the earth. ” 
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And, finally, this quotation from an astrophysicist: "Cosmic 
rays travel for countless light years to reach the earth. The energy of 
particles of cosmic radiation can be expressed only in billions and tens 
of billions of electron volts. The energy of some particles is even mil- 
lions of times greater. Research on the how and the where of the origi- 
nal processes which result in creating cosmic rays should be conducted 
beyond the earth's atmosphere. Otherwise secondary cosmic radiation 
produced in the atmosphere can be mistaken for primary radiation, 

"The satellite laboratory will open new opportunities for study by 
elminating the distortions produced by the earth's atmosphere. It will 
be possible to classify the cosmic rays in greater detail according to 
their mass and energy. This in turn will enable us to find out the mechan- 
ism of their origin in the far depths of the cosmos and in our solar system 
as well. 

’It is not unlikely that experiments conducted with the satellite 
as a vehicle for our instruments will lead to the discovery of new, un- 
known types of cosmic rays. Various data received from the cosmic 
ray laboratory above the atmosphere can provide us with an incomparably 
greater knowledge of the universe than we now have. " 

These comme nts about the benefits to civilian science that will 
result from good use of space vehicles sent on data-gathering missions 
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were made by members of the Academy of Sciences. I should be 
more specific- by members of the Academy of Sciences of the Union 
of Soviet Socialist Republics. The Russians are stressing the peaceful 
uses of space technology as positively and as widely as they can among 
the nations of the world. My quotations were from a recent issue of 
the handsome, Life-size magazine - USSR - published in well -written 
English and circulated throughout the United States. 

The Russians aren't talking about military missions they propose 
to assign to their Sputniks. This fact serves to emphasize what we al- 
ready know -- that in addition to being a new tool of great value to science 
and to the military, the space vehicle is a device that can be used to 
great advantage in the vitally important use of psychology and propaganda 
on a global scale. 

Now I should like to return to consideration of the responsibilities 
of NASA for development, testing, launching, and operation of aeronauti- 
cal and space vehicles. Over the years, NACA has concentrated for the 
most part on flight problems in the fields of aerodynamics, propulsion, 
and structures and structural materials. These arc the areas where 
the NACA has the technical competence and the research tools. Flight 
into space requires that great effort be devoted also to such problems 
as electronics, guidance, and physiology or human factors. 
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It would, of course, be possible for NASA to establish new re- 
search centers for study of problems in these last-named areas* Such 
a procedure would be very costly. Trained people to accomplish the 
work woul a have to be recruited; almost certainly they would have to 
come from scientific and engineering organizations already engaged in 
work of importance to the national interest. Even more critical would 
be the passage of months and years before the new laboratories could 
begin producing information vital to the space programs. 

A far wiser course, I believe, will be for NASA to make effective 
use — on a contract basis -- of teams of experts and laboratory facil- 
ities already in being* Here in Southern California, there are such facil- 
ities, As a single example, I would name the Jet Propulsion Laboratory 
of the California Institute of Technology, 

NASA will have to develop new space vehicles* Enormously power- 
ful rocket motors will be required for these space craft; they may be even 
larger than those required for presently contemplated military missile 
or space missions. It would be possible for NASA to build the organi- 
zation and the facilities for such space vehicle and motor design and con- 
struction* But again, such action would be very costly and much additional 
time would be required. It is preferable that design and construction of 
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these space vehicles and motors be performed, on contract basis, at 
existing facilities* In such cases, sponsorship might be either by 
NASA independently or jointly with the Department of Defense, 

I am sure that our aircraft industry, so much of which is located 
in Southern California, is more than casually interested in who may be 
asked to build the space craft and rocket motors for the civilian pro- 
gram of space exploration and exploitation. One obvious answer is that 
the organizations best qualified will get the jobs. I would make further 
observation that when changing military requirements called for produc- 
tion of ballistic and other missiles to supplement the capabilities of the 
bomber, the aircraft industry demonstrated that its design and production 
teams were singularly qualified to develop and build missiles. 

In recent weeks, to go still further, I have become familiar with 
many of the satellite and space craft projects proposed by American in- 
dustry, I haven't counted them. Some say the number is 60. With 
some poetic license I have put it nearer 200,. At any rate, and this is 
pertinent here, most of these projects are suggested by members of the 
aircraft industry. So long as the technical and production competence of 
the industry can keep up with the exploding needs of the space program, 
the same reasons that discourage construction of new laboratories and 
scientific teams to perform work that can be done by in -being research 
organizations would apply to space craft development and construction. 
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The space programs we will be proposing soon for NASA ac- 
complishment are three -fold in scope. First, there must be adequate 
research effort on space technology problems. Then there must be dev- 
elopment and use of unmanned vehicles capable of carrying the desired 
scientific data- gathering apparatus. Finally, there must be development 
and orderly use of man-carrying vehicles in the exploration of our solar 
system. The three parts of our program must be skillfully irtegrated and 
coordinated. Just as rapidly as research can provide the necessary in- 
formation, we should use it in developing -- and using — both auto- 
mated and manned vehicles with greater performance and sophistication. 

I should like to emphasize the essentiality of our planning a space 
program that will be adequate to our needs as a nation. The size of the 
program and the vigor with which it is carried out must be firmly estab- 
lished and ratified by the Administration, the Congress, and finally, the 
American people. In making these decisions, we must keep in mind that 
today Soviet Russia is working harder than we to achieve pre-eminence 
in the conquest of space - 

We must understand that the kind and magnitude of space pro- 
gram that our national interest requires will cost hundreds of millions 
of dollars each year for many years to come. I know that some know- 
ledgable people fear that although we might be willing to spend a couple 



15 


of billions for space technology in 1958, because we still remember 
the humiliation caused by the appearance of the first Sputnik last October, 
next year we will be so preoccupied by color television, or new style 
cars, or the beginning of another national election campaign that we’ll 
be unwilling to pay another year's installment on our space conquest bill. 
For that to happen -- well. I'd just as soon we didn't start. 

Fortunately, for the sake of our children's future if not for the 
protection of our own skins, I don't think we're that grasshopper -minded. 
This past week I was privileged to appear before the Select Committee on 
Astronautics and Space Exploration of the House of Representatives. Re- 
peatedly the members of that Committee reflected the wish that I am sure 
is that of the entire nation, that we determine what is necessary to do to 
reach our goals in space and then get on with the job. 

As a nation, we have the scientific and technical competence. We 
have the resources to pay the bill. We can and we must succeed in find- 
ing our destiny in space. 


END 



The International Geophysical Year 
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We live on the surface of a large roughened ball of rock wnirl- 
mg through space around the kindly sun which furnishes us heat and 
Light. Our every activity is carried out at the bottom of an ocean of 
air which supplies the oxygen we need to slowly burn the food we eat 
to (jive body heat and muscular energy. The scientific study of the 
ms hens, hoa:, light, and electrical properties of our earth, its eon- 
Lnents, oceans, and surrounding atmosphere is the science of 
geophysics . 

The scientist in a laboratory may study the laws of Nature 
under controlled conditions. The earth is too big to bring into a 
laboratory, and man as yet has little control over storms and earth- 
quakes. The earth scientist can only observe the experiments which 
Nature makes, .and he himself can see only what happens at one place 


-me 5000 earth 
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From July, 1957, through December, 1958, so 
scientists from 46 countries will make a cooperative study of trie nature 
of our carlo and its atmosphere. In this International Geophysical 
Year, or TGY, the scientists w’ii study the atmosphere arid oceans 
from the equator to the poles and from ocean deep:.' to altitudes of 
hundreds of miles above the surface. They will measure the puzzling 
"electric, rain" of the cosmic rays that bombard our atmosphere from 
space and the magnenc .dorms that ninder radio and telegraph commu- 
nication. 

In thus great "symphony of science’ 1 the scientists will work as 
n well. -conducted orchestra in harmony. Frequent, observations will 
he made by aid participants in each month of IGY on Ihreo or four days, 
called Regular World Days, picked for their coincidence with special 
rdri.se:;: of ! hr moor: . Every quarter during a ten-day Wr rid Meteor o- 
logioal Interval, tdm? weather men will redouble their efforts. When- 
ever the sun shows unusual activity, or the northern aurora lights 
Lower high, or magnetic storms occur, special ale r Is well bo given 
so that observations may be made over aid the earth at the same time. 

The International Geophysical Year is the third in a series of 
International Years, the first being the First International Polar Year 
of 1882-83. That year contributed much to our knowledge' of the 
"northern lights", ;:v.„ magnificent aurora borealis., e..ai throws across 
:ho sky not only an Impressive spectacle but also an electrical, mirror 



that interferes with radio reception. From bases set up in the Arctic, 
new information about Arctic weather and the earth's magnetism were 
systematically obtained. 

The Second International Polar Year, half a century Later in 
19311—33, brought new knowledge of radio communication and the devel- 
opment of methods of bouncing pulses of radio waves from the ionospher 
that atmospheric layer from 50 to more than 200 miles above the earth 


in which ultraviolet light from the sun creates a large number of elec- 
trically charged molecules. These techniques were later applied :n 
the development of radar. 

After a lapse of only 2b years, interest in the earth sciences 
had been so great that learned societies around the world, working 
through their International Council of Scientific Unions, set in motion 
plans for trie 19 T; -f;3 International Geophysical Year. Each country 
plans and carries out its own program under guidance of an interna- 


tional committee. An American, Dr. Lloyd V. Berkner, is president 
of ICSU and vice-chairman of its special committee on IGY. The 
National Academy of Sciences has the responsibility for realizing the 
United States program, using Federal funds obtained through Lhe 
National Science Foundation. A U. S. National Committee has been 
established by the Academy with Dr. Joseph Kaplan as its chairman. 
r lhe Department of Defense, with men and materials, ships, trucks, 
and planes from each of its three services, supporting Lhe scion- 
fifie teams, especially in remote arm relatively inaccessible regions. 
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President Eisenhower has heralded the IGY as "a striking 
example of the opportunities which exist for cooperative action among 
the peoples of the world”. The U.3.S.R, and at least four other Iron 
Curtain countries will take part. 

The IGY will focus a major effort on the polar regions, espe- 
cially Antarctica, wltr: its 16, 000 miles of little -known coastline. 

nations -- Argentina, Australia, Chile, France, Great Britain, 

Japan, New Zealand, Norway, Spftin, Union of South Africa, the 
IJ.S.S.R. , and the United States -- have plans for some 37 stations 
on Antarctica or its offshore islands. Several nations expect to send 
expeditions across the cold interior, making scientific observations 
on the way. 

The United States plans six Antarctic observatories, the most 
re mom bYsa at or near the South Pole itself. Already Operation 
"Deepfreeze I" has accomplished much of the preparatory work. In 
October, 1956, Operation Deepfreeze IT will begin, with reinforcement 
cf the small parties who remained during the winter arid the delivery 
of building materials, food, instruments, and other supplies, Some 
severity IGY scien* ists will proceed to their stations, for the beginning 
of IGY in July, .1957, is in the middle of the Antarctic winter. 

The stations in Antarctica will make daily weather observations 
ho:h at the surface and to 100,000 feet by means of bailee ns. The 
balloons carry radio U* uns mi tiers to send back reports on temperature, 
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pressure, moisture and wind. Standard magnetic observatories to 
measure field strength, dip and inclination, will be established at 
four of the American bases. Gravity measurements will be made on 
over-snow journeys and airplane flights. Balloon and rocket flights 
will yield Information on cosmic rays which spray the earth constantly, 
with occasional power bursts far greater than those generated by the 
biggest man-made atomic accelerators. Holes will be drilled through 
the Ross Shelf icc and through inland ice to a depth of 1000 feet or 
more to obtain ice cores and to measure the temperature at various 
depths for study of the earth's climatic history. 

The IGY will emphasize upper-air exploration in an effort to 
increase our knowledge of the top half of our atmosphere. Much of 
our surface weather and the efficiency of radio communication are 
affected by variable condi Jons in hns atmospheric ocean. 

A year-lung " rocket shoot” will pull new plums of knowledge 
out of the heavens at heights from 60 to 200 miles above the earth. 

The United States alone plans to launch hundreds of rockets. Several 
dozen will be 1250 pound, 20-foot Aerobee-IIi rockets, most of them 
launched at Fort Churchill, Manitoba, on the west coast of Hudson Bay. 
Others will blast off from New Mexico. 

The United States also intends to Launch two -stage rockets -- 
a combination of the Nike booster and the Deacon rocket -- and several 
hundred smaller rockets. Some will rise from land sites at Thule, 
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Greenland, and in central Alaska and some from off the coasts of 
southern California and Virginia. Others will be launched from ships 
Lit sea in mime re as locations. Rocket-borne cameras and electronic 
instruments will provide "eye-witness” reports of conditions on the 
threshold of space. 

On July 29, 1955 President Eisenhower announced that the 
United States planned, as part of its participation In IGY, to Launch 
into space during 1957 or 1958 history f s first artificial earth-circling 
satellite. The first satellite will weigh approximately 20 pounds and 
will probably be spherical iri shape and between 20 and 30 inches in 

Ttj/” 

diameter. It will be launched from the Air Force Range Proving 

G round at Cape Canaveral, Florida. 

A three -stage rocket will bo used lo place the satellite in an 
vlliptical ''■rbF ahrm the oarih, 200 nhhu: from the oar id’s Se rfacn- at 
one nearest poinJ . Trie 1 first-stage rocket, providing a thru si of 27,000 
pounds, will bring the vehicle to a speed between 3000 and 4000 miles 
per hour. The first srage wilL then be left beliind a; the second stage 
rocket increases the speed to about 11, 000 miles per hour at an altitude 
of about 120 miles. The vehicle then coasts upward until its path 
becomes approximately horizontal. At this point the third stage rocket 
is lit and boosts F to the orbital speed of about 18, 000 miles per hour. 

The uaLeiFk; i.ueu circles the globe every 90 minutes. R is 
expected to remain in the orbit for a period from several weeks to 
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several months depending on the resistance encountered in the rare- 
fied atmosphere which is not accurately known. Ultimately friction 
will cause the satellite to spiral inward i nwar d and heat up until it 
burns like a shooting star. 

The earth's atmosphere acts like a screen winch prevents us 
from detecting what happens in the upper atmosphere and in nearby 
outer space. Dr. Kaplan has called the satellite a "long-playing 
rocket" because it makes possible the type of observations possible 
only for minutes cr seconds from high altitude rockets for periods 
of weeks or months. These include the determination of outer atmos- 
phere densities by observation of the air drag effect on the satellite 
orbit, long-term observations of ultraviolet radiation from the sun, 
fluctuations in intensity of cosmic rays striking the atmosphere from 
space, and denary of hydrogen atoms and ions in interplanetary space. 

Trio governments and institutions of the several nations that 
pay the total bill of about 250 million dollars for the IGY program 
expect and will receive very practical dividends in return. They will 
enjoy improved weather forecasts and radio communication. They 
will benefit from greater knowledge of the upper air and nearby space 
In which airplanes, satellites, and eventually space ships will travel. 
Moreover, theme is the possibility of far greater unsuspected discov- 
eries of wno- can -guess -what value to man. 
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The International Geophysical Year will make a significant 
contribution to man's Increasing search for clearer understanding 
of his surroundings 4 It will see the first faltering steps tweard 
man's exploration of outer space. It will stir the imagination of 
countless boys, and girls to the wonders and opportunities on the 
road ahead toward the far horizons of space. 

(See "The International Geophysical Year", by Hugh L. Dry den. 
National Geographic Magazine, February, 1956.) 
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TRENDS IN NACA RESEARCH AND DEVELOPMENT 


By 

Hugh L. Dryden, Director 
National Advisory Committee for Aeronautics 


Presented at SAE National Aeronautics Meeting 
Biltmore Hotel, Los Angeles, California 
October 5, 1961 


For the third time in its history, the trend of NACA research and 
development is heavily toward the support of the military aeronautical pro- 
gram, which is the chief hope for the preservation of the peace of the world 
Over the years since the creation of the Committee as an independent 
agency of the government to "supervise and direct the scientific study of the 
problems of flight with a view to their practical solution”, there has evolved 
an intimate relationship between the aircraft industry, the military agencies, 
and NACA, such that the contributions of each group are thoroughly inter- 
woven with those of the others in the final product All work together to 
attain superiority in performance and military effectiveness of our air 
weapons. 

NACA has been primarily responsible for the conduct of an adequate 
research program to lay the groundwork for continuing progress by the de- 
signer and builder This assignment of primary responsibility has not meant 
that no one else should perform research nor that NACA was restricted from 
completing work on some problem by testing its research findings by practi- 
cal application. 

Numerous university groups engage in fundamental research m the 
aeronautical sciences. The NACA led in sponsoring aeronautical research 
by educational groups, and today supports almost a million dollars worth 



of such work each year. Support of research performed by universities is 
also forthcoming from the military services, and the military services them- 
selves conduct a great deal of research, especially in such fields as 
electronics, armament, aeromedicine, geophysics, and others not within the 
scope of NACA's responsibility. The aircraft industry, the airplane and en- 
gine manufacturers also conduct research. There is an exchange of programs 
results, and views and a resulting correlation and coordination of research 
effort in the NACA executive committee and its twenty-seven technical sub- 
committees and in the committees of the Research and Development Board of 
the Department of Defense. 

Let us examine a little more closely how the work of the NACA ties 
in directly with the planning and procurement of the military services in the 
field of aircraft and missiles. The start of such planning and procurement 
is, I suppose a blueprint of what will have to be done to make good the imlL~ 
tary commitments of the United States. These commitments include the de- 
fense of the continental United States and our other territories, the support 
we have promised to the defense of those European nations who wish to live 
in a free world, and a successful completion of the action in Korea. 

Next comes the writing of the specifications for the airplanes and 
missiles and power plants which will be needed, as well as the many other 
weapons and items of equipment for which NACA has no responsibility, 
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Ln the establishment of requirements for aircraft and missiles, and the 
specifications to meet them, NACA counsels as to what kind of performance 
the manufacturers should be able to design and build into the models ordered 
Today they can make fighter airplanes that flirt with the speed of sound, 
using the 7,000-pound-thrust engines which are manufactured today. To- 
morrow, on the basis of new aeronautical knowledge built up since today’s 
airplanes were conceived, they can design and manufacture supersonic air- 
planes with qualities which the military need in tactically useful airplanes. 
Sometimes, perhaps, the industry must think that the counsel we give the 
military services is altogether too optimistic, but we are ready to roll up 
our sleeves to help make good on the projects embodying the frontiers of 
knowledge, and the industry has a way of translating the possibilities into 
actualities. 

Then comes the design competition. Here NACA’s contribution is to 
supply the results of basic and applied research which bear on the problems 
which the designer must solve. The design of aircraft is an art, the art of 
securing the best compromise between the desired and the possible. Un- 
fortunately, the aircraft which is designed for maximum speed has reduced 
range and reduced maneuverability and similarly conflicts arise in many 
other aspects of the design problem. Ingenuity and inventive application are 
necessary ingredients of a successful prototype. Yet the designer must 
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base his solutions on sound technical knowledge, and a great deal of this 
knowledge can be supplied by N^CA. If we are on the job, we will foresee 
the problems of the future and work toward their solution to be ready when 
the designer needs the information We review the state of knowledge for 
him in technical conferences and we advise on the special problems of his 
design. 

The design proposals are evaluated by the military services and one 
or more contracts awarded for prototypes. In practically every important 
project the military services at some stage request the use of NACA equip- 
ment and skills on specific problems.. Models are constructed as the engi- 
neering work progresses for measurements in high-speed wind tunnels at 
large Reynolds numbers, and for rocket-propelled model tests. Power plants 
under development are installed and operated in the altitude tanks under con- 
ditions encountered in flight at high altitude. Engineers of the company whose 
models are under test are on hand, and v as the information is secured, modi- 
fications are considered. In every case it is the company engineer who de- 
cides what, if any, changes will be made. We are as helpful as possible, but 
NACA is not in the business of designing or constructing airplanes. There 
is more than enough research to be done 

Then the prototype flies. If you think the research and development 
job is then finished, let me tell you the story in terms of one of the best air- 
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planes to be built during the last war. Up to and through the prototype 
stage, the manufacturer invested something like a million and a half engi- 
neering man-hours in this airplane During this same period, NACA spent 
almost a hundred thousand engineering man-hours on the airplane. During 
the period this airplane was in production - and a good many of this par- 
ticular model were built - the manufacturer spent almost five million engi- 
neering man-hours to secure improvements.. During the same period NACA 
spent approximately a half-million man-hours to the same end. 

In this life cycle of an airplane, so unfamiliar to the lay public not 
associated with it, there are encountered the three principal categories of 
NACA research The first is the truly basic research, the exploration of 
new fields, and the search for more complete understanding of older fields. 
This is the work which can lead to radically new developments and which 
will pay off in the design of future aircraft and power plants. Our present 
aircraft embody the results of basic research carried out years ago which 
now seems so familiar to the designer that he forgets it was ever new. 

The second category is applied research directed at the foreseen 
problems of the aircraft now being designed. The problems to be worked 
on are crystallized from the thinking of designers, users, and research 
workers. This is the research which can be swiftly translated into practice, 
embodied in actual aircraft at an early date granted onJy that sufficient 



manpower and funds are provided. This is the work which makes possible 
an increase in thrust of the next engine, and improved stability and control- 
lability of the next airplane t 

The third category is specific research on the problems of the proto- 
types now building or flying. The problems encountered in a production air- 
plane automatically assume top priority; those of a prototype produce equal 
pressures This work is essentially a part of the development of the specific 
airplane or missile. 

The three categories differ principally in the time scale and ; as is 
natural in a period of tension and large production of aircraft, the trend of 
NACA research is toward a shorter term on the average. This trend has 
some elements of danger, and I wish to discuss briefly current consideration 
of NACA research policy and its implementation. It will be recalled that ten 
years ago just prior to World War II, the pressure on NACA to concentrate 
on applying available scientific knowledge to the immediate improvement of 
airplanes scheduled for war production soon became so great that the basic 
research programs were cut and cut until they represented hardly 10 percent 
of our total work. The result was that we came out of that war with a serious 
deficiency of research information, especially in supersonic aerodynamics 
and jet propulsion. 
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The trend to short-term specific investigations must not occur again 
to the same degree as during World War IT To do so will undermine the re- 
search foundation upon which our future development program must be built, 
In the current situation of a probable extended period of international 
tension and the dependence of the free world on the leadership of the United 
States we must continue the program of fundamental scientific research in- 
itiated after the close of World War n and at the same time provide for the 
speedy refinement of production airplane designs, the correction of troubles, 
and the essential day-to-day improvement of current types This is the 
stated policy of NACA reflected in its budget submissions and operating 
practices. Its full implementation is contingent on increased financial 
support and the continued sympathetic consideration of the military agencies 
in the calling up of reservists and of the draft boards in the deferment of 
specialized personnel- 

The experience of thirty -six years has taught that a moderate effort 
on specific investigations of current airplanes and missiles insures a more 
realistic and effective conduct of the basic and applied research, promotes 
mutual understanding between research scientists and designers, and secures 
early application of research results- It is greatly the national interest 
that the knowledge and skills of NACA scientists be brought to bear on the 
critical problems of current prototype and production airplanes and missiles. 
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It is too much to expect that any citizen, even an NACA research scientist, 
administrator, or Committee member will refuse to help make our present 
airplanes as good as they can be made. What is required is a balanced effort 
within a total effort commensurate with the need The total effort, in man- 
power and money, needed for the research and development to insure the 
qualitative superiority of our air weapons is small relative to the total effort 
being expended to build up our air power 

At least by comparison, NACA is in a better position today to under- 
take this double-barreled task than on the eve of World War IL Then we had 
one laboratory, and something less than 600 research scientists and support- 
ing personnel. Today we have three laboratories, and a little more than 
7,000 research scientists and supporting personnel. With the research equip- 
ment we now have, or are in the process of acquiring, we should have most 
of the essential tools Inevitably we shall have to increase the number of 
our people, perhaps by 50 percent, but nothing like the way we had to expand 
a decade ago. In the light of the tremendous technical changes brought about 
by jet propulsion and consequent supersonic speeds, the innumerable new 
problems added to the old ones, and the three -fold expansion of the military 
research and development program, such a modest expansion of NACA 
effort may appear too small. The expansion is in fact limited by the satura- 
tion of use of critical facilities and shortages of technical manpower rather 
than by the needs of the expanded military program. 
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The trends in research policy which have just been described are re- 
flections of the trend of technical developments in the aeronautical sciences 
and their applications to airplanes and missiles now being designed These 
technical trends can be discussed in an unclassified paper only in very 
general terms, and space limits the discussion to a few examples. 

The first obvious trend is that toward aircraft of greatly increased 
performance. It seems probable that airplane speeds may be increased as 
much in the next five years as in the whole history of human flight up to 
World War II. Experimental flights with piloted aircraft at transonic and 
supersonic speeds have been made with increased frequency during the past 
year. It has been clearly demonstrated that aircraft operations will ulti- 
mately be conducted throughout the entire transonic range. Information is 
becoming available to permit the development of airplanes capable of further 
penetration of the transonic and low supersonic speed ranges with fewer 
operational limitations. The limited successes already realized have brought 
to light many detailed problems which can be solved by continued research 
These relate to all phases of transonic and supersonic stability, control, 
maneuverability, and performance, and the landing and take-off behavior of 
the new and unconventional high-speed configurations An exceptionally 
important development is the transonic ventilated wind-tunnel throat invented 
by Stack and his associates, which makes possible the study of transonic 
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problems in wind tunnels, hitherto impossible because of the choking of the 
conventional wind tunnel as the speed approaches the speed of sound. All 
high-speed wind tunnels in this country will be converted to transonic opera- 
tion as rapidly as the necessary funds are supplied. Tremendous improve- 
ments in the aerodynamic characteristics of aircraft configurations at tran- 
sonic and supersonic speeds have already been made, including large drag 
reductions and imporved stability and control. A striking feature of the re- 
sults is the sensitivity to details of design which forecasts a necessity for 
much additional specific testing 

Technical development is moving in a direction to throw heavier re- 
sponsibility on the structures design group, Structural problems may be- 
come ^ limiting feature in the future and NACA is taking steps to secure the 
necessary tools and to place increased effort in this area. The requirements 
of long-range, high-speed, high-altitude operations often result in a relatively 
flexible airplane structure. This gives rise to important mutural interactions 
between aerodynamic loads and structural deflection, as well as to important 
transient dynamic loads in gusty air and on landing.. Furthermore, the 
flexible structure may vibrate unduly or exhibit the catastrophic phenomenon 
of flutter These phenomena may be studied by investigations of dynamically 
similar models as well as by more fundamental studies of the component 
aerodynamic and structural behavior under dynamic conditions, A second 
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structural problem which will in time become the major problem limiting 
further gains in airplane performance is that of the distortion of the structure 
and changes in physical properties of materials arising from the heating of 
the surface of high-speed aircraft and missiles. 

The dependence of missiles on automatic stabilization and control 
and guidance equipment has led to more intensive study of the matching of 
the aerodynamic characteristics to the characteristics of the automatic equip- 
ment. Similar problems are now arising in piloted aircraft, where the high 
performance places demands on the pilot beyond his physical capacities. 

His vision is extended by radar, his muscles by power boost in the control 
system, and his slow reaction time is compensated by automatic equipment. 
Furthermore, automatic equipment can be used to improve the flying 
qualities of aircraft, even when there is no question of supplementing the 
physical abilities of the pilot This trend in technical development yields 
a host of new problems as well as the opportunity for increasing the utility 
of high-performance aircraft. 

Recent improvements in gas-turbine-engine performance through 
adoption of afterburners on turbojet engines for thrust augmentation have 
complicated the problem of engine control. The technical characteristics 
of jet engines require operation near the safe limits of speed and tempera- 
ture Application of turbine -propeller engines likewise presents a control 



problem which places an intolerable burden on the operator unless quick - 
acting, accurate, stable, and safe control systems are fitted to the engines. 
The solution of these problems requires equipment for operating the complete 
system under altitude conditions and the use of analogue computers for rapid 
study of the effects of design changes. 

In order to obtain high performance, the hot parts of jet engines are 
made of high-termperature alloys which contain alloying metals either not 
found in the United States or in limited supply. A major trend in engine 
development is the reduction of strategic material content to permit large- 
scale production. An important part of NAC A research is devoted to this 
problem, ranging from basic research on why materials behave as they do 
to substitute materials and to turbine blade cooling. Turbine blade cooling 
offers promise either of removing practically all of the strategic materials 
from the blades while retaining present performance or of substantially in- 
creasing output for applications for which the strategic materials can be 
allocated in sufficient quantity. 

As another illustration of the trend in technical development, mention 
may be made of the increased attention being given to the research under- 
lying the development of helicopters of improved performance which has 
resulted from the great utility of this type of aircraft demonstrated in recent 
military operations. Attention is being given to high-speed rotors, jet 
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rotors, stability and control of multi-rotor helicopters, flying qualities, and 
vibration characteristics. 

The pattern of technical development has changed very decidedly since 
the days of World War II . Progress in performance then proceeded at what 
now seems to be a relatively slow and orderly pace . A reasonable goal was 
a speed advance of 100 miles per hour or less or a modest increase in rate 
of climb or altitude. The engineering advances required were modest, and 
much effort was devoted to the study of changes which increased the maxi- 
mum speed 20 or 30 miles per hour. The problems of compressibility 
effects were still new and the sonic barrier seemed very real. Much effort 
produced a little closer approach to the critical Mach number 

Today we are contemplating, and with some assurance of success, 
striving toward very large gains in performance The chance of success is 
greatly dependent on extensive detailed knowledge, small changes of contour 
may make large changes in performance, The design compromises are much 
more difficult than before. As a result we have found that the step-up in 
military research and development leads first to demands for expedited 
applied research in many critical areas and at a much later stage to requests 
for tests of specific configurations. The problems arc so many, and the cost 
of failure to advance so great, that accelerated effort in the critical problem 
areas is a priceless insurance. 
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These then are some of the trends of NACA research and develop- 
ment to meet NACA’s responsibility in the current situation. We of N/4CA 


pool our skills with those of our industry and military colleagues to in- 
crease greatly the military strength of the United States and its allies with 
the hope of maintaining peace by deterring aggression. If, nevertheless, 
war should come, the joining of a great research and development potential 
with demonstrated production abilities will bring us victory. To these efforts 
of free men to maintain their freedom, we of NACA will give our best. 


********* 


October 5, 1951 
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THE DAWN OF THE SUPERSONIC AGE 


Hugh L. Dry den 

Director of Aeronautical Research 
National Advisory Committee for Aeronautics 




(lecture delivered at the University of California, 
Berkeley, May 24, 1948 and Los Angeles, May 25, 1948) 


It is a great honor and pleasure to be invited to give one of the public 
lectures in your engineering lecture series. This lecture will not be a tech- 
nical paper in the usual sense and has none of the usual appurtenances of 
such papers. It is in part an attempt to interpret the aims, goals, and effects 
in human affairs of one field of development in aeronautical engineering; in 
part an. attempt to give you a nodding acquaintance with some of the current 
technical problems in that field. 

Last week while I was standing with a group of aeronautical engineers 
on the lawn of the Inn at Williamsburg, Virginia, there was heard that new and 
never-to-be-forgotten sound, the high pitched swish of a jet-propelled aircraft 
somewhere in the sky. Everyone began to use their natural sound locators, 
turning the head back and forth to obtain equal intensity of sound in the two 
ears and looking straight ahead to locate the source, but no airplane was to 
be seen. Then a wiser and more experienced operator called out “You have 
to look ahead of the sound'' and sure enough by looking a considerable distance 
ahead of the apparent origin of the sound, the airplane was readily located. 

The jet airplane travels at such a large fraction of the sp-wd of so v-d tint m 



the time required for the sound to travel the distance from the airplane tc the 
observer, the airplane has moved a comparable distance along its path. 

In London during the last war the inhabitants were harassed by two types 
of distinctive missiles. The buzz-bomb traveling much slower than the speed of 
sound telegraphed its coming long in advance, holding its victims in terrifying 
suspense. The V-2 rocket traveling several times faster than sound was more 
merciful. No warning sound was propagated and the victims never knew what 
happened. The survivors saw the explosion and only afterward heard the noise 
arising at successive points along the path in reverse order, much like a phono- 
graph record played backwards. 

These human experiences have brought into our daily speech a familiar- 
ity with the use of the speed of sound as a measure of comparison for the speeds 
of aircraft and missiles and with the new words coined by scientists, sonic speed 
for a speed equal to that of sound; subsonic speed for speeds less than that of 
sound; supersonic speed for speeds greater than that of sound; transonic speed 
for speeds just below and above the speed of 'sound especially for objects which 
pass through the speed of sound in their travel; and Mach number, the ratio of 
the speed of the aircraft or missile to the speed of sound. 

The scientist uses the sonic speed as his measure not because of the 
difference in travel of sound to an obser ver, previously described, but because 
he finds by experiment that the laws of air flow are greatly different for sub- 
sonic and supersonic speeds. George W. Gray, -u his book on Front: or s of 
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Flight, which is a history of the wartime work of the National Advisory Committee 
for Aeronautics, recounts the story of an America :i fighter pilot during the last 
war who dove Lis airpla e deeply toward the earth in pursuit of a German fjlghter 
plane. After shooting down the Gorman plane, he attempted to pull back on the 
control stick to level out lrom the dive. But the stick resisted and seemed held 
in a vice. With all his strength he str uggled, but the airplane continued down- 
ward at high speed. As he was ready to abandon ship the elevator suddenly took 
hold and the plane curved out of the (Live with high acceleration. This new and 
baffling experience arose from the fact that the speed of the airplane was reach- 
ing a speed at which the air was flowing locally over parts of the wings and tail 
at speeds faster than sound although the airplane itself was traveling at only 
three-quarters the speed of sound. 

Why did the airplane recover at all? The explanation. ;s that the speed 
of sound changes as the temperature of the air changes Near the ground in the 
warm air at sea level it is about 760 miles per hour. In the upper atmosphere 
where the temperature Is about -55° F. the speed of sound is only 660 miles 
per hour. Thus as the airplane dived, its speed, decreasing slowly because of 
the increasing density of the air, became smaller in comparison. with the speed 
of sound and the adverse effects disappeared. 

The great task confronting the NACA, university, industrial, and other 
government research laboratories is the prompt exploration of the laws of air- 
flow' v- transonic a* id super so *( regions Th ' task of designers of 
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military aircraft is to apply th,\s knowledge to build air cr ait which may fly safely 
at these speeds. Many existing aircraft can enter the transonic region, at least 
in dives For security reasons I do not expect to tell you exactly the limits of 
speed which have been reached under various conditions. I can state that we are 
at the dawn of the supersonic age in the sense that many aircraft now flying^t ravel 
at such high speeds that the air flows locally past their wings at speeds faster 
than sound and that it is only a matter of time before sustained horizontal super- 
sonic flight of piloted aircraft will be a commonplace event, as the dawn is super- 
seded by the full sunlight of the oncoming day. I am on record as having predicted 
last fall that the sunrise of the new age will occur before the end of the calendar 
year iWu. Some newspaper men say it has already occurred. In the present 
international climate I predict a cloudy sunrise and there will be some difficulty 
in determ;bi"g exactly when the dawn turns to day. 

The impact of engineering development in aeronautics on our civilization 
has from the beginning been very great Airplanes of ever increasing perform- 
ance have served our civilization usefully. At first flying was the hazardous 
occupation of a few men who capitalized on the danger to entertain and to thrill 
the many by aerial circuses and races. Some more far-seeing pilots began to 
demonstrate the peacetime utility by pioneering aerial photography, crop 
dusting, the carrying of mail, passengers, and freight. These peacetime useful 
services of aviation have grown to large size and aircraft are indispensable to 
cco’ omy, !! is possible to do t! mgs which were impossible before, tor 


our 
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example, I coaid leave Waslrngfo" Str day afternoon, speak m Berkeley o* 1 
Moedvy evir,i "i;, bos Angeles Tuesday even.ng, and be back. Washington or* 
Wednesday cve*\ : g. 

You uni! recall the introduction of the airplane as a military weapon :n 
World War I and :1s rapid development to become today the Keystone of our 
national seeux ity. It is the pressing chiim of this use of the airplane that has 
brought the daw^ of the super sonic age as we shall later discuss. 

These are *he d'rec* contributions to the machinery of daily living and 
fighting. But the indirect contributions to man's intellectual and spiritual life 
are eve* more striking. Aeronautical developments have endless rarnif cations 
in the .daily ) ; vgs *v r .d mental processes of all of us, engineers, educators, 
business men, Joh^ Q Public, or however else we may wish to classify our- 
selves or our major interests. Aeronautical engineer i.vg has left .its Impress 
on ether branches of engineering as well as on society as a whole* In these 
times we cannot afford a:- engineers to ignore this consoouence of our work 
a~d in this discussion J do not propose to ignore the human aspects of our 
technical work. 

I may flJuska.te the way in wlvch a complex tech* leal development can 
affect the Ike of the average man by reviewing very briefly an earlier age of 
aeronautical development, the streamline age You probably recall ihe early 
airplane, usually a wood, wire, and fabric creation, wkh exposed struts, wires, 
o* g‘ "’C, Ifi'dv'g gc,?.r, a d passenger s. You pi oivbly vennn-b?' ti e envelopment 
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os the cantilever monoplane, of the cowling of the aircooled en.gtr.es , of the re- 
tractable Jprdmg gear, a’’ greatly reducing the drag and increasing the speed. 
Perhaps you have seer, the flow of smoke or water around objects of various 
shapes and are familiar with the concept of a streamline body as a body which 
moves through the air or water leaving behind it the least possible disturbance. 
You know that your automobile or a train is not really a good streamline body 
because of the cloud of dust and debris stirred up by its passage. Although 
the development of streamlined aircraft has been carried to a high point even 
to the removal of rivet heads on the exterior surface, and the principle has 
been in part applied to automobiles and trains, surely the more important in- 
fluence has been on the intellectual and spiritual lives of men. And by that I 
do not refer particularly to the rather facetious and frivolous application of 
the adjective "streamline' - it; advertising to furnaces, washing machines, 
flat irons, womei’s stockings, men's shirts, and the female figure, but to the 
more solid and meaningful concept, of that harmony with the physical laws of 
the universe which enables us to live with a minimum of useless effort and 
disturbance The streamlining of office procedures, of the Committees of 
Congress, of specifications for materials, of college curricula; -- all such 
concepts grew out of this impact of the aeronautical engineering development 
of an aircraft which traveled through the air with a minimum of disturbance, 
with each part functional and operating at peak efficiency, t have heard also 
(’overnme t bureaus or Mrenmli -rg the buck so that u may more readily 
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be passed from ore office to another But surely more important than all of these 
is the stream!; 'g of one’s life so that we may proceed with a minimum of fric- 

tion with our neighbors, wl*h our energies applied to the task of reaching our goals 
sw;ft\y. 

In similar fashion I assert that the supersonic age will profoundly affect 
the lives of all of you, physically, mentally, and spiritually and hence you should 
become familiar at this early date with this oncoming' technical development. 

Let us look at some of the technical problems to be solved in the develop- 
ment of supersonic piloted aircraft. In general terms the problems arise from 
the radical changes in the aerodynamic relationships at speeds faster than sound 
as compared with those prevailing at speeds slower than sound. A reasonably 
satisfactory design could now be made to operate at any one value of the speed, 
subsonic or supersonic, if the transonic region of mixed flow is avoided. How- 
ever, any practical airplane must be able to take off and land and hence must be 
able to fly satisfactorily in both the subsonic and supersonic regimes and also 
during the passage through the transonic region. In fact, it would be desirable 
to be able to fly steadily in the transonic region as well. 

The first problem is that of providing a power plant of sufficiently high 
thrust to overcome the drag or resistance to motion at supersonic speeds. 
Ba!LfiUcia T *s many years ago found that the resistance to motion of a projectile 
increased disproportionately as the speed of sound was approached, the drag 
increase g much J asif.v than the squat e of the speed. About 20 years ago 
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experiments m which I had some part showed that the drag coefficient of an air- 
plane whp, increased suddenly many fold and the lift coefficient decreased very 
greatly in the fr a:\soaic region. These findings have repeatedly been confirmed. 
The development, of jet and rocket propulsion has now given us powerplants of 
large thrust in a relatively small package. There are three types of jet power- 
plants available or under development' the turbo-jet, the ram-jet, and the rocket, 
each producing thrust as the result of squirting a hot jet of air to the rear. Any 
boy who has blown up a toy balloon and let is£ escape from his hands has observed 
jet propulsion and therefore can understand it, As a matter of fact, the conven- 
tional airplane propeller operates by producing a jet. In the newer engines heat 
is used to. produce the jet The rocket carries both fuel and oxygen, i.e., all the 
elements required for a chemical reaction to produce heat, transform the fuel 
and oxidant to hot gas, and eject the products of combustion. It therefore can 
operate anywhere, under water, in the air or outside the earth's atmosphere. 

Turbo-jet and ram-jet engines get their oxygen from the atmosphere, 
as does the conventional reciprocating engine/ The turbo-jet uses a mechanical 
compressor to compress the air and a turbine to drive the compressor. In the 
ram -jet compression is produced by the rapid motion of the vehicle; hence a 
ram -jet propelled vehicle must be brought to a high speed by other means, for 
example, booster rockets. 

The new powerplants give a great deal of power per pound of weight and 

have ; ho desirable characteristic that the power increases with the speed In 
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his book Gray gives the following figures* at a speed of 750 miles per hour for 
certain power plants Rocket 53.7 horsepower per pound; ram-jet C D horse- 
power per pound; turbo-jot 3 5 horsepower per pound. However , at the same 
speed the rocket burns 8.3 p >uj ds of fuel per horsepower hour; the ram-jet 
2,8; the turbo-jet 1.0 The relative merits of the engine types are complicated 
functions of the speed and altitude of flight. Suffice it to say that these power- 
plants furnish sufficient power to drive aircraft at supersonic speeds. Much 
research is required to improve their efficiency, reliability, and limits of 
operation as regards speed and altitude. 

The converse of the problem oi producing sufficient thrust is reduction 
of drag Here again considerable progress has been made. The introduction of 
sweptback wings heralds the new-look for high-speed aircraft, although all 
airplanes having svvropback do "ot necessarily travel at supersonic speeds. 
Sweepback is highly advantageous in the transonic region. At supersonic 
speeds model tests indicate advantages for a triangular plauform or short 
stubby thin wings - 

The drag can be greatly reduced by reducing the density of the air by 
traveling at high altitude, but as is well known, high altitude flight introduces 
new problems both tor the human occupant and the powerplant. As the density is 
reduced, a greater and gr eater volume of air must be forced through the engine 
to supply the necessary oxygen to burn the fuel in the case oi the ram-jet and 
turbo-jet. It become:- mo/e a.-.u more (Mfo'uU to the conditions needed 



- 10 - 


for combustion, to keep the fire .lit ' 7 in the parlance of the jet pilot. Research 
workers are busily engaged on these questions. It is obvious that supersonic flight 

f? ).s_ 

near the ground w : i I be extremely costly in fuel, and that economy and efficiency ra- 
te be obtained by high altitude flight. Hence the interest today in determining the 
physical properties of the air at very high altitudes by means of sounding rockets, 
and in reproducing these conditions in the laboratory for studying the problems to 
be encountered in high-speed flight in the upper atmosphere Professor Folsom 
and his associates here at the University of California are doing pioneering work 
in this field. 

Perhaps the most difficult technical problems are those relating to control 
and stability At subsonic -speeds -the -lifting- force on a wing acts through a point 
about one-quarter the distance from the leading edge to the trailing edge; at super- 
sonic speeds it acts through a point half the distance from leading to trailing edge. 
Thus there are sudden changes in the trim of the airplane in the transomc regxOn, 
There are also changes in the stability, produced partly by the change in the air- 
flow at the tail produced by the loss of lift. A number one research problem is to 
find configurations which go through the transonic region with minimum changes 
in trim, control, and stability. 

Research has shown that disturbances known as shock waves develop in 
the flow near the wing at transonic speeds and that these shock waves are often 
accompanied by flow separation. When this occurs the air flows past the wing 
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the tail, the tad sirmuo c may be subjected to violent irregularly varying loads 
sufficient to produce • • uctural damage., A knowledge of buffeting loads and, if 
possible, the destg of wing sectors and configurations which avoid flow separa- 
tion are necessary to develop aircraft to fly safely in the transonic region. 

The configurations winch seem best for flight at supersonic speeds 
usually show poor landing characteristics. Much research is needed on methods 
for improving these characteristics by use of suitable flaps or by methods as yet 
unknown. 


At high speeds the loads on the wings and tail are large and produce de- 
flections, twisting, and bending of the structure. These distortions change the 
an -Toads ara there ,;s thus a complicated mteraction between aerodynamic and 
structural design. For example, the deflection of the aileron to correct a dis- 
turbance ir roll iaa> iw\st the wing enough to counteract the desired effect of 
the aileron, tins inci easing the disturbance Difficult aeroelastic problems 
must be solved by the designer 

It is well known that meteors traveling* through the air at high supersonic 
speeds get so hot from friction with the air that their surface melts. At lower 
super sonic speeds the heating ;s by no means negligible and is already receiving 
consklciatio-i even at subsoivc speeds. In a piloted aircraft the cabin or cockpit 
must bo W‘pt at ? reasonable temperature say less than 100° F. Refrigeration 
is required at speed: as low as aOO miles per hour, partly because of aerody- 
namic be v. mg, b:- ; . hoc ; o of ratk.b'ov horn the sun. In a pilotless 
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aircraft os missile the temperature could be permitted to go somewhat higher but 
ultimately a po-nt is reached at which mechanical and electrical devices will not 
function or the structuial properties of the materials are greatly deteriorated by 
the high temperature Whether or not a piloted supersonic airplane can be flown 
at high supersonic speeds may be determined by the results of research on methods 
of cooling the cabin and the structure: 

These technical problems are being attacked by many new and ingenious 
tools, the best known being the wind tunnel. The first supersonic experiments 
with which I am familiar were made in 1890 in a jet about a quarter of an inch in 
diameter, the flow lasting about three seconds. Now there are supersonic wind 
tunnels 1 .foot by, 3 feet in cross section, in .regular, operation and others 6 feet 
by 6 feet and 6 feet by 8 feet approaching completion. Techniques for measure- 
ments on objects dropped from aircraft at high altitudes and on rockets fired 
from the ground at supersonic speeds have yielded much valuable information. 

Still another method is to place a model in the local region of supersonic flow 
on the upper surface of the wing of an air planed raveling at high subsonic speeds, 
a method devised by Mr. Gilruth of the NACA. The same technique was applied 
by Lockheed and by the NACA by installing a bump in a subsonic wind tunnel. 

So much for the purely technical aspects. Why does anyone wish to travel 
faster than sound? Dr. von Karman once closed a technical lecture with this 
question ar;d stated that the reply must be left to the philosopher, but all of us 
must be, to some extort, philosophers, if amateur ones. There is no question 
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but that the primary motive of our nation in devoting large sums of money and 
time to accomplish supersonic flight is the desire for national security. The 
dominant position of air power as an element in national security has been thor- 
oughly demonstrated. Speed has always been that element of performance of an 
aircraft which makes it possible to control the air. We have been told by our 
military leaders that had Hitler grasped the significance of the development of 
turbo-jet and rocket -propelled aircraft and exploited them, our bomber missions 
could not have continued as then operated over Germany. All of us observed the 
inability of England to defend itself against supersonic V-2 missiles, once the 
missiles were launched. Speed is the major characteristic of the fighter and 
intercepts r and speed is the most important defensive armament of the bomber. 
There now seems to be no technical obstacle which cannot be overcome by re- 
search and the fear that some other nation may produce faster aircraft which 
could outrun our ov/n aircraft in the sky is the powerful incentive to desire to 
travel faster than sound. 

Finally as to why fly faster than sound, I will not have you discount the 
value of speed in commercial air transport when accompanied by safety and 
reliability. It now takes about twelve hours elapsed time to cross the continent, 
and the trip is very comfortable in modern aircraft. Nevertheless, it would be 
still more comfortable if it could be done in three cr four hours. It is easy to 
predict that this will surely come; it is harder to predict the timing. Over the 
years the speed of commercial air transport operation has lagged the airplane 
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speed recoid by 15 or 20 years. Hence we might estimate that in 1908 the speed 
of commercial air transports would be about 650 mph, the present speed record. 
But the jel engine lias introduced a discontinuity, the possibility of a sharp rise 
in the rate of development, and lienee this performance may come earlier. There 
are many optimists who day dream about aeronautical progress without adequate 
technical support for their predictions and there are also more sober and solidly- 
based predictions. The conservative predictions have usually been outstripped. 

As recently as 1940 Archibald Black, an aviation writer, made the following state- 
ment: “It has been estimated that if it were possible to build an airplane that 
could fly at more than 800 miles per hour, the rocket principle might then be 
promising Thin speed; however, iv yet too. fantastic to be considered even as a 
future possibility, although it is always dangerous to say of anything in aviation 
that 'it will never come V’ This spi ed does not now seenn so far away Research 
today on speeds faster than sound is research on the commercial air transport 
of the future. 

The achievements of aeronautical engineering have had a stimulating ef- 
fect on other branches of engineering. The supersonic age will influence the 
training of all engineers as well as contribute to developments in mechanical 
and electrical engineering. Solution of the manifold problems of supersonic 
flight requires both a 1 * Increasing specialization of individual engineers and 
improved methods of synthesizing the efforts of specialists toward a common 
goal. There >r> need f or men who have oeirdod mastery in such diverse fields 


r 
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as organic chemist : , or fuels for turbo-jets, ram-jets, and rockets), metallurgy, 
ceramics (for heat resistant materials), dynamics of structures (vibration and 
flutter problems), eh ctromcs (for instruments and control devices), servomech- 
anisms (for autopilots, gunsights, and gunlaying), aerodynamics, thermodynamics, 
and many others. TKcie must be experts in the borderline fields, such as aero- 
elastic problems, ,ier other modynatnics, etc. Each of these is a field in which the 
body of knowledge and experience is steadily -growing and each requires the full 
time energy of anyone for its masteiy. 

The work of specialists must be integrated to an extent not required in 
other branches of engineering. Engineers in other fields have successfully met 
the problems of -large enterprises, planning the flow of materials, arranging for 
matching of characteristics of components t securing dimensional agreement of 
mating parts; In • of these fields the problems cun be broken down readily 
for solution, with the coord: nation requiring only small adjustments. In a super- 
sonic aircraft or missile, each special problem reacts on all the others to an 
extent demanding a new type ard higher order, of coordination. For example, 
such an apparently simple thing as the design of a radar antenna cannot be ade- 
quately treated without consideration of the effects on the aerodynamic charac- 
teristics ard hence on the required power-plant. A suitable compromise must be 
worked out between many conflicting requirements. A group of leaders must be 
trained who can intelligently make these compromises They must be men with 
broad tram-up. tr, :.,e r -y [held; wdh mastery of mathmm.oral and ex per imenlal 
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methods of analysis of complex problems, and with a certain boldness of venture. 

Aeronautical engineers engaged m work on guided missiles have learned 
the great stimulus of boldly attempting to design an operating missile. Granting 
that all the desired basic research has not been completed, the attempt to sink 
or swim in the venture reveals what the key problems really are and in conjunc- 
tion with rational mathematical analysis enables the development effort to be con- 
centrated on the real obstacles to progress Engineers must be taught to use the 
coordinated experimental and theoretical attack on their problems to utilizing the 
skills of specialists, and to weigh, balance, and evaluate the data obtained from 
all. Such is the mode of operation of the engineer in a supersonic age. 

The supersonic age will also make its imprint on the average man. As 
in the case of the atomic bomb, the supersonic age will at first bring fear to his 
nund because of its portent for war. Engineers are pi one to direct attention to 
the material benefits of their creations to the public, to the power of many slaves 
which they have supplied to do physical labor, to their contributions to case and 
comfort, and they are equally prone to ignore the common belief that scientific 
and technical developments appear often to bring misfortune. The truth, of 
course, is that material things are neither good nor evil; they may be used for 
either purpose by good or evil men. The same chemical compound brings you 
the blessing of clean white shirts and the curse of a poisonous gas to be used 
in war. Another gives you broad, paved streets, mines your coal, or crumbles 
buildings and cUms The supersonic age likewise is in itself neither a bloss.mg 
nor <i curse, li may be either 
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The faster transport of the supersonic age will dissolve barriers of time 
and space and the world will shrink still more, increasing the pressure for 
solution of many social, political, and economic problems. When man can outrun 
the sun and arrive at his destination before he leaves, as measured by the sun, 
he must obtain a new perspective of international and sectional problems. 

The supersonic age will bring a lifting of intellectual horizons as having 

? 

conquered the space and time limitations of this world, he seeks new worlds to 
conquer. He will begin to think more seriously about the exploration of the high 
upper atmosphere and to wonder whether the exploration of outer space is not 
more than a figment of the human imagination. 

But man must not be too impatient, lie has climbed far. The realization 
of his dreams requires the time and effort of many, perhaps even of generations. 
And you and T can only regret that wc cannot linger to see of what stuff these 


dreams are made 





THE IMPORTANCE OF RELIGION IN AMERICAN LIFE 

To be an American citizen, a participant in molding the affairs 
of a nation devoted to the cause of liberty and freedom is a coveted 
privilege and a just cause for pride. However, the privilege carries 
with it a heavy responsibility not only for defending and maintaining 
those essentially Christian principles by word of mouth but also for 
exemplifying them within our own lives. We say that we are a Chris- 
tian nation, a religious people, but any reasonably honest observer 
will find much to cast doubt on the accuracy of this claim. Yet a man 
or woman without religious faith is an incomplete man or woman, 
crippled and deformed, stunted, unworthy of a high destiny. Intended 
to walk the earth as great souls with great ideas, great, dreams, and 
great accomplishments, many dwarf their world and themselves. 

One night in New York on the subway I asked a man, "What is 
the nearest station to 181st Street? I am not too familiar with the 
stations up that way. " He said, "I don't know. 11 "You don't know. 

Do you ride this line regularly?" "I ride it every night. ,r "Don't you 
know the nearest station to 181st Street?" "No, " he said, "1 never go 
above 168th Street. " His daily world, he explained, was from 168th 
Street to 34t.h Street. If such a person is not careful he may get the 
34th Street to 168th Street mind alter awhile. You can live in the 
greatest city in the world and become awfully little by allowing your 
horizons to shrink and your visions of the great world to shrivel. 

"The world stands out on either side 
No wider than the heart is wide; 

Above the world is stretched the sky, 

No higher than the soul is high. 

The heart can push the sea and land 
Farther away on either hand; 

The soul can split, the sky in two, 

And let the face of God shine through. 

But East and West will pinch the heart 
That cannot keep them pushed apart, 

And the soul that's flat 

The sky will cave in on by-and-by". 

Renascence, by Edna St. Vincent Millay 

A superficial examination of our society shows a world in which 
men nave achieved longer life and better health, more gadgets and 
luxuries , freedom from toil and greater leisure. For millions many 
of trese aHiievements are still only a hope, better living a long way off. 
The machine and factory are taskmasters, Mon flock to her together 
in great cities, creating a mass society, possessed of a crowd mind. 
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The monotony of living and working by the mock and of having one's 
activities geared to mass production, has unbalanced men's emo- 
tions, frayed their nerves, and made them the victims of fads, 
fashions, and demagogues. Class and race hatreds have been 
aggravated. Things are in abundance but not available to all. 

We live in an amazing age of science and technology with a 
jungle legacy of selfishness, lust, and hate, dark passions of human 
nature, little changed from the time of Adam. We have harnessed 
the powers of the physical world around us, steam, electricity, 
chemical reaction and some nuclear reactions, we have erected 
towering cities, conquered barriers of space and time by automo- 
bile, railroad, airplane, telegraph, and radio. Through science 
each of us may have the equivalent of 30 slaves sweating for him 
without the suffering and shame of human slavery. Poverty can 
be replaced with wealth without robbing the poor or taxing the rich. 

Yet an ever-increasing share of the fruits of scientific research 
and development goes to feed the folly of war. The major part of 
our taxes are spent on the bills of past wars, on the present economic 
and ideological war, arid as insurance against defeat in future wars. 
Three major tyrannies have been disarmed at great cost and still 
another faces us. The science of politics and human relations has 
made no advance in the thousands of years of which we have record. 

We car. hardly say that, all is well with man even in America. 
Life is easier, but unrest grows. Leisure increases, but moral 
stature declines; transport, and communication are swift. but suspi- 
cion between peoples grows. Man, who should be the lord of creation, 
is being mastered by matter. Mind has outrun spirit. 

Let us examine in a little more detail some of the character- 
istics cf our contemporary life which demonstrate the need for reli- 
gious faith. 

First, let. us examine the essentially materialistic philosophy 
so characteristic of our time, carvea by the most efficient tool known 
to man, the human intellect. With this tool man has penetrated the 
mysteries of the material universe, freed the mines of men from 
ignorance and superstition, and created a new physical environment. 
The successes of science in this area have captured f he imagination 
ana the icyaltues of many as the only guide to truth. Through the 
glasses of the scientist man is a physio-chemical system, a machine 
rather than a soul to be saved or lost. The betterment of men means 
me improvement of the efficiency of this machine ane is to be 
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accomplished by material means. If well housed, well fed, freed of 
disease, given security, education, and leisure, men should not 
worry about souls or sins, dreams and aspirations, values. Good 
sewers and pure water supply are of more concern than a good life. 

This philosophy as such is not new in the history of die world. 
There have always been objectors and agnostics who denied the spirit- 
ual nature of man, but never many. Today a materialistic philosophy 
is held not by a few tough minds but by whole blocs of men. Communis 
has embraced it completely. And even in our own nation it has become 
the creed of hosts of men and women by open avowal, quiet assumption 
or unconscious adoption. Millions of men are beginning to translate 
their beliefs along this line into action, to live a pagan religion. 

The second characteristic of our contemporary life is the 
intensive specialization of the Interests and activities of the individual. 
The industrial revolution spelled the doom of the skilled craftsman and 
narrowed the required skill and interest of the worker who assembled 
in large factories to do a monotonous repetitive task. The worker who 
tightens a single bolt or solder a single wire connection is not only a 
figure of fiction but representative of many actual situations. And the 
white-collar worker is not a stranger to this environment, which pre- 
sents no stimulus much less challenge to his mind. The world as a 
whole has expanded in knowledge but the world of the individual is 
oiten narrow and circumscribed. It Is not strange that so many suffer 
from a kind of intellectual scurvy, a deficiency disorder arising from 
a restricted intellectual diet. The disease, however, is not so easily 
cured as the physical disease for pills will not change habits of thought 
and intellectual outlook. 

Even science itself has proceeded down this path ana there is 
no more gullible individual than a scientist outside his own laboratory 
and discipline. He tends to develop a myopic vision and to the layman 
his interest seems to be in details remote from what most people con- 
sider the real interests and concern of life. In the past he has fre- 
quently avoided responsibility for interpreting or passing judgment on 
his work. He has seen apparently trivial discoveries grow into potent 
influences in our society and he would rather not make predictions but 
continue his scientific freedom to pursue the things which interest him. 

But the scientist cannot longer dodge his responsibility. As well 
expressed by Oppenheimer he has known sin. He has seen his greatest 
conquest of nature applied to an atomic bomb to destroy other men. If 
the scientist fads to take a hand in the decisions, there are plenty of 
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self-confident and ambitious souls who are not hampered by too much 
knowledge and who will not hesitate to make decisions for him, not on 
the basis of scientific experience, or on the basis of moral values, on 
right and wrong, but on the basis of social and political expediency, or 
for purely selfish reasons. 

What is true of scientists is true of other workers also. They 
have reason to be disappointed with the ineffectiveness of much of their 
effort to improve their world. Tney must seek broader Interests than 
the daily routine of living and making a living. They must participate 
and assume responsibility for the community in which they live. 
Specialization in some small area of life must be accompanied by 
broad interest in all areas of life. 

The third characteristic of our generation is a widespread 
disillusionment and lack of faith, an atrophy of the spiritual life. 

Man T s life should bo a trinity of activity, physical, mental, and 
spiritual. Man must cultivate all three if he is not to be imperfectly 
developed. Even after thousands of years of education and religious 
heritage we see far too many of our fellow humans living the life of 
animals, with sole interest in the physical and sensual and with primi- 
tive minds and souls. Wo find a few religious fanatics who are crea- 
tures of instincts and emotion with no guidance from reason. We find 
many who worship reason and the intellectual life, who appear to nor- 
mal men as egotistical, selfish, and soulless mechanisms. Jesus said, 
"Thou shalt love the Lord thy God with all thy heart, and with all liiy 
soul, and with all thy mind. This is the first and great commandment. " 

The old adage "Knowledge is power" has been found by experi- 
ence to be only a parMal truth. The debasement of knowledge to the 
service of selfish Interests is only too common in our present uay. 

The faith that men's good sense would prevent the misuse of knowledge 
has been found to be false. One has only to remember hew every 
citizen subordinated and dedicated his special knowledge to the require- 
ments of war, to the devising of more powerful instruments of destruc- 
tion. Knowledge is power, but not necessarily power for the good of 
mankind. 

The contributions of science to mankind require no defense or 
apology. 'These contributions have included not only the devising of 
powerful tools which can be used to alter the physical environment of 
man for good or ovi j , to cure or to kill, but also major contributions 
to our spiritual Life. Science places a high premium on intellectual 
honesty and on objective truth, truth which can be tested by any man 


r 


126 



5 


in any age. Science recognizes no arbitrary authority. It does not 
accept the law of gravitation because of trio authority of Newton but 
because the law of gravitation can be observed and demonstrated as 
a part of anyone's experience. The ethical ideals of the scientist are 
high. Notwithstanding all this the scientific discipline itself taken 
alone is merely the highest development of one aspect of the intellect 
of man and to cultivate it alone and to exalt it to the status of a religion 
or philosophy of life is as monstrous as to cut off one's arms, or to 
destroy the gifts of sight and hearing. 

There is another area into which science cannot penetrate with 
its cold and sharp tools, the area of human emotions, desires, pur- 
poses, values, feelings of beauty and ugliness, of right and wrong, 
of love and hate. "It is the nemesis of the struggle for exactitude by 
the men of science", remarked a great biologist, Dr. H. 3. Jennings, 
"that leads him to present a mutilated, merely fractional account of 
the world as a true and complete picture. " You can no more analyze 
these imponderables by scientific methods, said Eddington, than you 
can extract the square root of a sonnet. Just as in science the elemental 
reasoning of animals has risen to lofty genius, so may these other 
aspects ascend from beastly emotionalism to the lofty dreams and 
aspirations of those a little lower than the angels. Are these workings 
of the human spirit only illusion or do they herald a report of something 
deeper, of truth which may be the foundation of a high philosophy of 
life ? Upon the answer which man makes will depend what sort of man 
he is arid can become and what the world is like which he will build. 

Perhaps many of you feel that I have given a pessimistic view 
of our American life, subordinating many of the characteristics of our 
kindhearted, impulsive, friendly fellow citizens. Perhaps you feel 
that we are a Christian nation because our institutions , our charities, 
our generosity, and our slogans of service are consistent with the 
teachings of Jesus, that these matters of philosophy, of faith, of 
aspiration are so intangible that they are of no practical importance. 

If you do, I fear that you too are too typical of our citizenry and that 
you too need to reconsider the importance of religious faith and prac- 
tice in your life. You too in the language of the old-time evangelist 
need to believe on the Lord Jesus Christ and be saved. Why then is 
religious faith and practice important? 

First, because a vital religious faith enables one to have power 
over any conceivable situation. "Yea, though I walk through the valley 
of the shadow of death, I will fear no evil; for thou art with me; thy rod 
and thy staff they comfort me. " "Thou shalt not be afraid for the terror 
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by night, nor by the arrow that flieth by day, nor for the pestilence 
that walketh in darkness, nor for the destruction that wasteth at 
noonday. " "Oh my Father, if this cup may not pass away from me, 
except I drink it, f hy will be done. " Whether illness of oneself or 
loved one, loss of business or personal possessions, or whatever 
calamity or good fortune, faith can guide your course. Like the 
gyro compass on the airplane or ship which maintains a fixed refer- 
ence point undisturbed by the tumultuous storm, religious faith gives 
a guide in times of mental anxiety and confusion. 

We live ir: a big complicated world and we are affected by 
shifting and conflicting forces. How to do the right and proper and 
wise thing in a situation is something that we must know to have 
power. You want sharpness and keenness to come into your brain; 
you want courage and strength to make decisions and carry them 
through. This is the secret. Yield yourself to God. "The Kingdom 
of God is within you. ,r You do not need to hunt it from the outside, 
it is within you, just release it. You shall receive power. As the 
electric motor is powerless without contact with the source of power, 
so are you without laying hold of the spiritual power source. Sounds 
simple, doesn't it? You have been defeated in some situation. You 
have been educated, you have ability, you work hard, but you are 
defeated by worry, anxiety and frustration. Establish the contact 
through faith. 

In the iasv analysis the tiling mu’, brings power into human 
lives is something the preachers have boon talking about since the 
beginning of Christian history, namely conversion. Ye must be born 
again. II means that an individual recognizes his mistakes, nis weak- 
ness, his insufficiency, perhaps his defeat, realizing that he has no 
power of his own to change himself ana so yields himself wholehearted], 
and completely to God. The power of faith is the only power that can 
charge human nature. 

Not only will religious faith make us the captains of our souls 
and master of our lives, but it will lead us to practice that Christian 
relationship of brotherly love with our fellowman that is so sadly 
needed in our society today. The bearing of one another's burdens 
voluntarily is trie great lubricant which wi lt make the wheels of our 
society turn with less friction and heat. We are our brother's keeper 
and we do have an accountability to use our talents unselfishly to add 
to the spiritual development of mankind. Wha* a pity that, wo have 
found no way to accumulate stores of good will and Christian character 
as wo can accumulate scientific knowledge in books and libraries. 



Knowledge pi ley on knowledge to make an ever-increasing store. 

But. moral accomplishment seems so personal and perishable. We 
can siart with Lae spiritual development of our ancestors, of Moses, 
of David, and of Jesus of Nazareth, but so few do. The practitioners 
and research workers aiming to develop a higher spiritual level of a 
country or civilization are unfortunately few even in comparison with 
the educators and scientists. 

Unused and neglected t alerts are lost. But the measure to 
which a man is gifted, to the same measure is he accountable. We 
often covet our neighbors 100 talents as if wc could have them with- 
out obligation, without responsibility. Some give their physical labor 
and skill, some their intellectual skill, some few their interest, their 
heart and soul in the enduring cause of ministering to the needs of 
mankind. Our American life needs many more devoted men of faith 
tc ease the burden of the world, and to advance the spiritual level of 
community, city, nation, and world. 

A religious faith is essential to our American life tc restore 
our perspective on values and to enable us to lay hold on those things 
which are; eternal, and thus of permanent value. Our materialistic 
philosophy results from an improper assessment of the values in 
material things. We thought that money, houses, food, automobiles, 
motion pictures, radio, television would make us happy. The awaken- 
ing for many has been rude. Wo thought that our dollars would retain 
value v;vt;r extensive periods, we mought the religion of our 
fathers and grandfathers would suffice for us. But like their furniture, 
their modes of transportation; and their amusements., the value of 
their* religious faith to us has declined to nearly zero. Only a faint 
nostalgia, a memory of their confident faith remains. We find that 
we must ou.iid Hiix ihith anew in our lives; that wc must work and 
struggle and apply cur knowledge and skills to the problems of our 
day. We discover that religious faith requires nurture, that it dies 
unless used, that we too must seek the fountain of everlasting life. 

We too must not only echo the agooid song, ,r O that I knew' where 
I might find Him but must set out on the search. ” "Seek ye the Lord 
while He may be found, call ye upon Him while He is near. " We must 
earn our heritage anew. Will a man say because he knows us that 
mere is no better way of living than, following Christ? 

I close with the story of an expo fierce in a Scottish Church. 

A visiting university professor of public sneaking was attending morn- 
ing service with bin hos'v He was asred to recite the 23rd Psalm and 
he old pastor gave his permission. He did so with heathy of diction 
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arid exquisite impressiveness and the congregation was visibly 
moved. Then someone asked the minister also to repeat the 
Psalm and re did so with such feeling and emotion that when he 
concluded there was hardly a dry eye in the church. 

After the service when walking home, the professor was 
asked by his friend if he had noticed the difference in the effect 
on the audience. M Yes, M he said, "I did. You see I knew the 
Psalm but he knows the Shepherd. ” 


Hugh L. Dry den, Local Preacher 
Calvary Methodist Church 


Washington, D. C. 

March 12, 1950 
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